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FOREWORD

This study was initiated by the Biomedical Laboratory of the Aerospace Medical
Research Laboratories, Aerospace Medical Division, Wright-Patterson Air
Force Base, Ohio. The research was conducted in the Hypothermia Laboratory
at the Department of Physiology of Boston University School of Medicine under
Contract No. AF 33(657)-10755. Dr. E.T. Angelakos was the principal inves-
tigator for Boston University School of Medicine. Mr., J.F. Hall, Jr., Chief of
the Biothermal Branch, was the contract monitor for the Aerospace Medical
Research Laboratories. The work was begun in support of Project No. 7222
"Biophysics in Flight" and Task No. 722204 "Human Thermal Stress in Extended
Environment" and was continued under Project No. 7164 "Biomedical Criteria
for Aerospace Flight" and Task No. 716409 "Human Thermal Stress." This
report covers research performed between February 1963 and April 1965.

This techniical report has been reviewed and is approved.

WAYNE H. McCANDLESS

Technical Director

Biomedical Laboratory

Aerospace Medical Research Laboratories
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ABSTRACT

The mortality of anesthetized dogs maintained under prolonged hypothermia
was studied and the factors responsible for death were evaluated. In the
technically acceptable experiments, L5% of the dogs maintained at moderate
hypothermic temperatures (26° t 1° ¢) died within 16 hours. The corres-
ponding mortality in normothermic (38° C) control dogs was %.

Progressive hemoconcentration and bradycardia were observed during prolonged
hypothermia. The former could be abolished by splenectomy. The use of
artificial pacemakers to limit the effects of bradycardia was unsuccessful
due to the development of other cardiovascular complications. Bloed
catecholamine levels increased with cooling to 33° C but decreased below
control levels at or below 25° C; however, prolonged hypothermia at 25° C
was associlated with a progressive increase in blood catecholamines up to
two to three times the initial control levels, The catecholamine content
of aorta, kidney and spleen was not altered significantly by hypothermia,
however, cardiac catecholamines decreased to below 50% of control with
cooling to 25° C. Adrenergic mechanisms apparently play a key role in the
alterations of cardiovascular functions which limit survival during
prolonged hypothermia.

iii
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I INTRODUCTION

The aim of this series of studies which were begun in
1961 (l)*was to study the various factors that affect survival
under prolonged hypothermia. Initial experience indicated
that such experiments are generally complicated by a variety
of technical difficulties associated with the maintenance
of anesthetized hypothermic animals over prolonged periods
of time under laboratory conditions. As a result, in most
cases, only a fraction of the experiments performed were
technically successful. Similar experiences have been
reported by others (see below).

The previous studies made in this laboratory indicated
that a decrease in the cardiac pacemaker rate, progressive
hemoconcentration and possibly a water shift out of the intra-
vascular compartment observed during prolonged hypothermia,
could be responsible for the progressive deterioration and
death. The present studies were designed to confirm and
extend these findings and to inquire further on other factors
that may contribute to the progressive functional deteriora-
tion under prolonged hypothermia,

In the present Technical Report, results are presented
from studies on: a) Control normothermic preparations,
b) functional spleenectomy, c) electrical pacing of the atrium
and ventricle and d) the status of the adrenergic system as
shown by tissue and plasma levels of catecholamines.

II LITERATURE REVIEW

Previous studies made in this laboratory indicated that
animals maintained at moderate hypothermic temperatures for
several hours show a progressive deterioration and death (1).
Nearly 50% of the animals died when body temperatures were
maintained at 26 * 1°C for 18 hours. In addition, prolonged
hypothermia was found to be associated with hemoconcentration,
bradycardia, acidosis, and possible alterations in plasma
volume.

* See reference section at end of report.
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Similar results have been reported by others. A similar
incidence of death in the dog maintained at low temperatures
has been reported by Spurr, Hutt and Horvath (2). Popovic (3)
reported a hemoconcentration during prolonged hypothermia in
the rat; the blood hematocrit and hemoglobin concentrations
were found to increase progressively with the duration of
hypothermia. The same author (4) reported that rats maintained
at body temperatures of 15°C for more than six hours showed
an "irreversible" hemoconcentration. In addition, under the
experimental conditions used in these experiments, there was
also a hyperglycemia and acidosis without any progressive
changes in heart rate. This last observation is at variance
with our results in the dog (1) and apparently reflects a
species difference. However,others have reported a further
decrease in heart rate with prolonged hypothermia in the rat
(5). Connaughton, Holt and Lewis (6) studied the effect of
prolonged hypothermia at temperatures between 22-24°C. A
hemoconcentration was again observed by these workers. The
hematocrit values reported are similar to the results obtained
in our laboratory. In addition, Connaughton et al.(6) reported
a progressive decrease in blood pressure, heart rate, plasma
volume and blood pH. All of these observations are in essen-
tial agreement with our findings. More recently, the same
group studied the effect of prolonged hypothermia in the rat
(5). They reported hemoconcentration and overall mortality
similar to that observed in the dog.

At the time when the present project was begun (early
1963), the consensus was that prolonged hypothermia produces
distinct alterations in cardiovascular dynamics over and
above what is observed during the acute phase. These altera-
tions were found to be associated with the high mortality
observed during prolonged hypothermia, presumably through
the development of irreversible states. However, the specific
factors that were involved remained obscure.

At this writing (late 1964), the state of knowledge in
this area has not changed substantially, i.e., the factors

which affect survival during prolonged hypothermia remain
largely unknown. Yet the need for further information on

2
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this subject is increasing. Apart from the possible applica-
tion of such information to increasing survival after accidental
hypothermia, there are speculations of the possible use of
prolonged hypothermia in such important military areas as

space travel and protection from radiation as well as in a
number of clinical conditions including treatment of strokes,
cardiac tachycardias, cancer, and in the transplantation of
organs. The possible application of hypothermia to space

travel has been discussed some years ago by Hock (7).

IIX GENERAL METHODS

All studies were made on mongrel dogs anesthetized with
pentobarbital (33 mg/kg). A total of over 120 dogs were
studied but the technically acceptable experiments were
limited to 80 dogs. In the hypothermic experiments, the
animals were cooled by being enclosed in a "hypothermic
blanket" (Thermo-0O-Rite Products, Inc.) through which a
cooling fluid was circulated. In general,cooling was first
induced rapidly at 28°C, then the animals were stabilized at
the desired temperature and/or cooled further., In the experi-
ments with control normothermic animals the body temperature
was maintained at normothermic levels during anesthesia by
circulating warm (38°C) water through the "hypothermic
blanket",

Body temperature was measured from a thermistor probe
inserted in the esophagus at the level of the heart. Blood
pressure was measured through a short catheter inserted into
the carotid and connected to a strain gauge, In general,
records of blood pressure and ECG were made on a two-channel
recorder. In many cases, a two-channel FM instrumentation tape
recorder was used. This permitted subsequent reviewing of
the experimental recording with an 1:8 time reduction factor.
Continuous oscilloscope monitoring of blood pressure, ECG
and/or other parameters was routinely made.

Further details of the special methodology used in specific
experiments is given in each section.
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Iv RESULTS

A. Control Normothermic Preparations

In the previously reported studies (2), it was found to be
technically difficult to maintain a series of animals at
normothermic temperatures for a prolonged period of time in
order to compare the results obtained with animals maintained
under hypothermia over the same period. These difficulties
were mainly associated with control of anesthesia and body
temperature. These difficulties were largely eliminated in
the present studies by the use of the "hypothermic blanket"
with 38°C water circulating through it, and a constant infusion
of pentobarbital 2-5 mg/Kg/hr. Artificial respiration was
also employed. Results from 15 normothermic animals maintained
over a period of 15 to 21 hours are shown in Table 1 together
with a series of 20 hypothermic animals maintained over the
same period.,

Table 1. Mortality of control normothermic and hypothermic
animals maintained for a period of 16 hours.

No. of Dogs % Mortality P*
Control (38°C) 15 7 —
Hypothermic (26 * 1°C) 20 55 0.015

*Fisher "exact test", Statistically significant when P ¢ 0.05.

Among the technically acceptable experiments where anesthe-
sia and body temperature were maintained at desirable levels,
only one out of 15 normothermic animals died. The exact
cause of death could not be determined in this case but was
associated with progressive hypotension and shock. Attempts
were made to maintain a total of 20 normothermic animals. Of
the five eliminated from the series (not included in Table 1)
one died from excessive infusions of anesthetic, and four were
not maintained at normothermic temperatures and became
progressively hypothermic. No hypothermic animals were omitted
from this series.

4
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Even if the entire mortality of 2 out of 20 (10%) of the
controls is considered, the mortality of the hypothermic animals
is considerably higher. Using the Fisher "exact test"  the
difference shown in Table 1 is statistically significant at

the 5% level (P ¢ 0.05). A similar conclusion is reached

when the entire control mortality (2 out of 20) is considered.
In the latter case the exact probability for the null hypothesis
is P = 0.02 and hence the difference is statistically signifi-
cant at the 5% level (P ¢ 0.05).

Complete serial hematocrit values were obtained in 9
normothermic and 7 hypothermic animals for the first 8 hours
and the results are presented in Table 2.

Table 2. Blood hematocrit in anesthetized dogs maintained
for 8 hours in normothermia or hypothermia.

P

Normothermic 38 £ l°C Hypothermic 26 % 1°C
Control 4 hrs 8 hrs Control 26°C 8 hrs
40 45 45 40 45 65
44 47 49 42 47 51
46 a5 45 38 52 59
30 43 4] 41 57 73
49 46 46 32 44 51
30 34 37 35 41 36
38 48 48 44 54 64

48 50 51
38 44 50
means
40 45 46 39 49 57

There were no consistent changes in the heart rate of
normothermic animals. However, some variation around the
control range was noted which was apparently related to varia-
tions in the level of anesthesia. The hypothermic animals showed
a progressive decrease in heart rate while being maintained
at 26 * 1°C as previously described (l). However, careful
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examination of the changes in heart rate over the entire

period revealed that in certain animals there was a rather
abrupt decrease in heart rate at some point during this period.
For instance, the heart rate of one animal changed from 90 beats
per minute to 55 beats per minute within 15 minutes between

6 and 6% hours after stabilization at 25°C. The rate then
decreased to 38 beats per minute in the next fifteen minutes
and was maintained near this level for several hours thereafter.
Similar observations were made in 2 other animals. ECG records
during this time revealed no obvious change of the pacemaker
site. Unfortunately these records had to be made at very

slow speeds and,therefore, could not show minor changes in the
pacemaker site. Thus the interpretation of this observation
remains open.

B. Functional Splenectomy

Ligation of the splenic pedicle was performed in four dogs
prior to cooling. Hematocrit measurements were made during
subsequent cooling to 25°C and while maintaining the animals
for several hours at this hypothermic temperature. Results
from two dogs for which extensive data were available are
shown in Table 3.

Table 3. Hematocrit values in two splenectomized dogs cooled to
25°C and maintained at that temperature.

Temp. Hours Dog
°C at 25°C i H#H2
38 45 39
33 - 46 40
30 - 46 41
27 - 45 41
25 0 45 42
25 2 46 42
25 3 46 42
25 5 47 43
25 5 47 ———
6
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They both show only a minor change in hematocrit, less
than 5%, while cooling and maintained under hypothermia.
The other two animals, for which only initial and terminal
values were available, again showed no significant change in
hematocrit. The observed changes were very small compared to
those observed in non-splenectomized hypothermic animals,
and are not different from those observed in normothermic
controls (Table 2). If these limited results reflect a general
phenomenon, it would appear that the participation of the
splenic pool of red blood cells is essential for the develop-
ment of the hemoconcentration observed during acute and
prolonged hypothermia. This could be brought about by splenic
contraction producing a release of red blood cells in the
general circulation.

However, a more complex circulatory readjustment may be
involved. This is suggested by the results on splenic weight
obtained in connection with another study (see Section D).
When the weights of the spleens of six hypothermic dogs were
compared with those from a similar group of dogs maintained
at normothermia over the same period of time, it was found
that the spleens of the hypothermic group were, on the
average, heavier than those of the normothermic animals. The
pertinent data are given in Table 4.

Table 4. Spleen weight (gms) in six hypothermic (25°C) and
six normothermic control dogs (values are tabulated ranked
within each group).

Rank Normothermic Hypothermic
Controls 25°C
wt. in gms.

1. 17.4 32,3
2. 28.1 42.1
3. 34.1 ' 43,9
4, 38.2 49,1
5. 44,2 49,4
6. 53.4 71.1
mean 36.0 48,0

7
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It should be noted that in both groups there was a large
variation in the splenic weights. This problem therefore
requires reinvestigation in a larger series of animals.

In any event, the heavier spleens observed in the hypo-
thermic group suggest that there may be considerable blood
pooling in this organ during hypothermia. When this is
considered with the finding of hemoconcentration during
hypothermia which is abolished by splenectomy, the entire set
of observations suggest a series of events involving splenic
contraction early during hypothermia followed by subsequent
pooling of blood, and particularly plasma, in this organ.
Whether these considerations are correct must be established
by further experimentation. Furthermore, it still remains
to be established that a similar mechanism may be operative
in man since, under normothermic conditions at least, splenic
contraction is not considered to be an important mechanism in
the regulation of circulatory blood volume in man, while it is
a recognized mechanism in the dog. Therefore, in this parti-
cular case, involving the functional role of the spleen,
species differences between man and dog may be particularly
significant.

C. Artificial pacing

A series of animals were prepared by attacting electrodes
on the right or left atrium and/or the right or left ventricle
which were subsequently used to produce artificial pacing
at a fixed rate. Generally the animals were first cooled and
stabilized at 26 * 1°C, their spontaneocus rate was determined
and atrial or ventricular pacing was instituted at the heart
rate prevailing at that temperature. Subsequently the animals
were maintained at this temperature for various periods of
observation.,

Rectangular pulses of 2 to 20 millisecond duration delivered
from a Grass S4 electronic stimulator were used for pacing.
Bipolar concentric electrodes were used to limit the current
spread. The stimulating current was monitored as a voltage
drop across a 100 ohm resistance on a dual beam oscilloscope.
Further details of the methodology have been described previously

(8.9,10),

8
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1) Atrial pacing. Seven animals were paced, in the
above described manner, from atrial electrodes. Two of these
developed ventricular fibrillation soon after the institution
of pacing. Three others became unresponsive to stimulation
even with pulses of 10-30 millisecond duration with currents
up to 10 milliamps within 3-4 hours after the onset of pacing
(approximately 4-5 hours at 26 * 1°C). The remaining two
were successfully maintained at the pacing rate for more than
8 hours and were terminated. These results are summarized
in Table 5.

Table 5. Mortality during atrial and/or ventricular pacing
of dogs maintained at 26 * 1°C,

Number of animals

Atrial pacing Ventricular pacing

Total tested 7 8
VF in 0 to 20 min 2 3
Dead in less than 5 hrs 3% 4
Survived 8 hrs or more 2 0

(*)Two in VF during subsequent ventricular pacing.

Two of the animals which became unresponsive to atrial
stimulation were found to respond to ventricular stimulation
and pacing but both developed ventricular fibrillation soon
thereafter.,

In successfully paced animals blood pressure was maintained
at relatively high levels (above 90 mmig) for the entire
period of observation.

From these preliminary experiments, it was concluded that
atrial pacing did not provide a satisfactory method for
maintaining the heart rate during prolonged hypothermia. It
was originally thought that this approach would provide infor-
mation on the progressive bradycardia which develops spontaneously
during prolonged hypothermia and its role in overall survival.
However the development of ventricular fibrillation in a high
proportion of animals soon after the onset of pacing, and
presumably related to it, would tend to select the population
and provide a very biased sample if only those animals which

9
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do not fibrillate were to be studied. The same applies to
the animals which could not be maintained on atrial pacing.
For these reasons this approach was abandoned,

2) Ventricular pacing. Eight animals were studied
with ventricular pacing using the same general methods as
outlined above for atrial pacing. In this case it was generally
possible to maintain pacing. However a marked hypotension
developed as soon as ventricular pacing was instituted at
the same heart rate as the prevailing sinus rate before the
onset of pacing. The hypotension averaged 20-40 mmHg and was
initially fully reversible by stopping ventricular pacing
and allowing the return of the normal sinus rhythm.

This phenomenon has been previously observed in this and
other laboratories and is apparently related to a depression
of ventricular dynamics and possibly to effective closure of
the A-V valves when excitation does not proceed from atria
to ventricles and normal A-V delay is abolished. Previous
studies made in this laboratory indicate that such hypotension
due to ventricular pacing is exaggerated by cooling; this may
be related to the slower ventricular excitation and onset of
contraction in the hypothermic ventricle.

In any event, the hypotension produced by ventricular
pacing, when added to the low blood pressure levels prevailing
during hypothermic conditions produced shock-like levels of
blood pressure (30~50 mmHg) which led to a rapid cardiovascular
deterioration of the animal. Only one out of the eight animals
survived more than five hours. Three of the animals terminated
in ventricular fibrillation 10 to 30 minutes after the onset
of ventricular pacing, the remaining terminated in profound
hypotensive shock. These results are incorporated in Table 5.

On the basis of these preliminary results it was concluded
that ventricular pacing, like atrial pacing but for different

reasons, was not a suitable approach to the study of the effect
of bradycardia on survival under prolonged hypothermia.

10
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D. Catecholamine levels in tissues and blood

The status of the adrenergic system was studied by making
measurements of catecholamines in selected tissues and in
the circulation. In all cases determinations of norepinephrine
(NE) and epinephrine (E) were made using the fluorometric
method of von Euler and Lishajko (14). Details of the method
as used in our laboratory have been published previously (11-13).

Briefly, the tissues were removed from the animal, blotted
dry, weighed, and minced in cold trichloroacetic acid (3 mg/gm
of tissue); the homogenates were filtered, adjusted to pH 8.3
and the catecholamines were adsorbed on specially prepared
alumina columns; elution was performed with 0,5N acetic acid.
Subsequently the amines were oxidized with FeSCN as the oxidant
and the fluorescent derivatives were formed and stabilized
with an alkali-ascorbic acid-ethylenediamine mixture as
described by von Euler and Lishajko (14) . Fluorescence
measurements were made on a Turner fluorometer using the 405/495
and 436/525 pairs of excitation/fluorescence filters. The
sensitivity of the method for tissues is of the order of 0.002
iwg/gm. However all of the values are rounded to the nearest
0.01 pg/gm for tabulation, as finer precision appears to have
no biological significance. Determination of plasma catechol-
amines with this method met with a number of difficulties
which are discussed in the next section (D2) .

1) Tissue catecholamines. Five dogs were cooled to
25°c and were subsequently sacrificed. The aorta, kidney,
spleen and heart (left ventricle) of each animal were removed
and analyzed for NE and E as outlined above. A similar group
of control normothermic animals was kept under anesthesia for
a similar period of time and sacrificed in the same manner.
In both cases, the heart was removed while still beating,
following thoracotomy under artificial respiration. The
aorta, spleen, kidneys were then removed in that order as
rapidly as possible. In no case was the time between death
and placing the organ in trichloroacetic acid (including
weighing procedure) more than 20 minutes, and usually it was
of the order of 10 to 15 minutes.

11
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Results of the determinations of NE for both sets of
animals are shown in Table 6. In all cases the concentrations
of E were very small, amounting to less than 5-10% of NE and
no significant differences were observed between normothermic
and hypothermic animals.

Table 6. Tissue catecholamine levels in normothermic and
hypothermic dogs.

Normothermic Norepinephrine pg/gm
Dog Aorta Kidney Spleen Heart#*
i3 0.35 0.26 0.53 0.46
H4 0.34 0.54 0.57 0.53
#5 0.33 0.36 0.36 0.37
Mean NE pg/gm 0.36 0.38 0.46 0.43
Mean organ wt. (gm) 1.59 30.2 35.4 52.8
Hypothermic
Dog
1 0.34 0.45 0.21 0.25
#%2 0.31 0.30 0.24 0.17
Ei3 0.57 0.32 0.33 0.20
k4 0.33 0.56 0.38 0.13
A5 0.31 0.48 0.27 0.11
Mean NE pg/gm 0.37 0.42 0.29 0.17
Mean organ wt. (gm) 1.32 31.1 49.2 60.9

*Left ventricle.

The tabulated results on NE show that there is no signifi-
cant difference in the levels present in the aorta or kidney
between normothermic and hypothermic animals. However, the
spleen and heart do show significant changes. In the case of
the spleen, the difference may not be meaningful since the
average weight of this organ was larger in hypothermic than in

12
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normothernic animals. This suggests that a greater amount of
blood was retained in the spleens of the hypothermic group
which may be related to cardiovascular alterations occurring
under hypothermia, producing a greater pooling of blood in

this organ (also see Section B). In any event, when the

total NE amount for the entire organ is considered there is

no significant difference between normothermic and hypothermic
animals; the average amounts of NE per spleen were 16.3 and
14.3 pg for the normothermic and hypothermic dogs respectively.

Most striking was the change in the NE content of the
left ventricle. In this case, althoughthere was a small
difference in the mean organ weights between the normothermic
and hypothermic group (Table 6), the difference is statistically
significant (P ¢ 0.05) whether the NE concentrations are
considered as pg/gm or as the total amount of NE in the entire
left ventricle. The average total NE was 22,7 and 10.4 pg
for the normothermic and hypothermic ventricles respectively.
Thus on either basis the hypothermic hearts contain about
40 to 45% the amount of NE present in the normothermic organ.

Actually the amount of NE found in the normothermic group
was somewhat lower than that observed in previous studies
made in this laboratory, where the heart was removed from
animals which were maintained in the anesthetized state only
for a short period of time (13). In those studies the mean
NE (* standard deviation) for the left ventricle was found to
be 0.56 * 0.12. Thus it appears that maintaining normothermic
animals in the anesthetized state for several hours does
produce a decrease in the cardiac NE levels. However the
effect of hypothermia is much more striking.

2) Blood catecholamines. Preliminary experiments

were first made by removing blood using heparin as anticoagulant,
centrifuging in a refrlgerated centrifuge at 4°C to separate

the plasma, and then assaying the plasma catecholamines with

the fluorometric method of von Euler and Lishajko (14), This
procedure gave poor recoveries and extremely variable results.
This was true whether the plasma was passed through alumina
without protein precipitation as suggested by von Eulexr (15)

or when trichloroacetic acid (TCA) was used for protein pre-
cipitation following the same procedures as used for tissues.

13
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To eliminate possible loss of catecholamines during the period
of centrifugation, whole blood was employed in another series
of analyses which was treated in a manner identical to that
used for tissues; i.e. 1-2 ml of TCA per ml of blood was added
immediately after withdrawal and the catecholamines were
determined according to the method of wvon Euler and Lishajko
(14) . Previous preliminary experiments indicated that the

red blood cells contained no catecholamines, which is in
agreement with what is generally accepted (16).

The procedure using whole blood gave quite reproducible
results but the calculated amounts of catecholamines per
liter of blood were of the order of 10 to 20 ug/l, about 10
times higher than values reported for plasma catecholamine
levels in other species, including man (16,17). However,
Lund (18) has reported similarly high values for plasma
catecholamines in the dog. At present it is not clear whether
the high values obtained were due to the method employed
providing little or no loss of amines after withdrawal and
hence relating to a species difference, or, are due to the presence
of some interfering substance in the dog blood. It is note-
worthy however that with the same whole blood method on human
blood samples, the values cobtained in our laboratory were of
the order of less than 0.05 to 0.8 pg/l of plasma, which agree
well with values reported by others for human plasma (16,17).
This favors the view that the high catecholamine values observed
in the dog are due to species differences or to experimental
conditions of anesthesia, etc., and are not a result of
limitations in methodology. Nevertheless until this problem
is resolved, extrapolation of the results to pg/l is not
warranted. However, the relative values and the changes
observed during experimental manipulations can still be
considered. For this reason the values presented in Tables 7
through 10 are the actual fluorescence units observed (sample
minus blood blank) from a sample of 20 ml of blood. The
equivalent of 4 ml of blood were oxidized and 0.l pg of NE
standard gave 25 fluorescent units on the same scale. . Thus
the values tabulated correspond to pg/l of NE, although as
noted above, this extrapolation may be of limited value.

14
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Ten dogs were acutely cooled to 25°C. The changes in
blood catecholamines as reflected by fluorescence units are
shown in Tables 7 and 8.

Table 7. Blood catecholamine levels (fluorescence units) in
five dogs cooled to 17°C.

Tenperature °C

Dog 38 33 25 20 17
il 12 23 8 6 3
#2 11 18 7 7 4
#3 10 17 7 6 4
4 10 19 10 7 ——
#5 24 30 18 7 8
Mean 13.4 21.4 10.0 6.6 6.3
% of Control 100 160 74 49 47

Table 8. Blood catecholamine levels (fluorescence units)
in five dogs cooled to 25°C and maintained at that temperature.

Temperature °C Hours at 25°C
Dog 38 33 25 12 3
1 13 22 7 13 — —
#2 12 23 8 15 26 32
#3 11 20 7 14 19 24
{4 11 19 7 13 - ——
#5 — 17 8 14 18 22
Mean 11.5 20,2 7.4 13.8 21.0 26.0
o of control 100 176 64 120 183 226
o of initial
value at 25°C =~ 100 186 284 351

It is clear from the results that at 33°C there is a
definite increase in blood catecholamines amounting to about
165% of the control levels 3 at25°C the blood catecholamines
drop to about 65% of control.

15
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Five of these dogs were cooled further to 20°C and
this apparently produced a further drop in blood catechol-
amines. A greater decrease was observed in 3 out of 4 dogs
which survived to 17°C (Table 7). The remaining five were
maintained at 25°C for periods of one to three hours. During
this period a striking increase in catecholamines was observed
so that at three hours the levels were about twice the control
values and three to four times the levels originally reached
with cooling to 25°C (Table 8). Limitations in time and
resources did not permit extending these observations to more
prolonged periods of hypothermia.

It is noteworthy that all of the observed changes were
very consistent (Tables 7 and 8). All dogs for which data
are available showed an increase in catecholamines when the
body temperature was lowered from 38°C to 33°C. Again all 10
dogs showed a decrease in catecholamine levels between 33°C
and 25°C. Similarly, all 5 dogs showed an increase in catechol-
amine levels when maintained at 25°C for one hour. Thus all
these observations are statistically significant, as the
probability for such an occurrence by chance is extremely
small and virtually negligible.

As controls, four dogs were maintained at normothermic
temperatures for periods of four to five hours and blood
samples were drawn for analysis hourly. The results are
shown in Table 9.

Table 9. Blood catecholamine levels (fluorescence units) in four
dogs maintained at normothermic temperatures (38°C) for a
period of five hours.

Hours at 38°cC

Dog L — 2 3 4. 5
#1 10 8 15 8 7 1

#2 15 15 7 8 12 6
#3 10 8 3 6 4 -
4 8 6 6 6 6 5
Mean 10.8 9.3 7.8 7.0 7.3 8.3
% of initial 100 86 72 65 68 77

16
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Variations in the blood catecholamine levels observed in
these animals might be related to the degree of anesthesia
which is difficult to maintain exactly at the same level over
such periods in normothermic animals. Nevertheless the results
show that over this period there was an average decrease
ranging from 85 to 65% of initial values. Thus the changes
observed under hypothermia (Tables 7 and 8) must be attributed
to the effects of cold rather than to any non-specific effect
associated with the period of observation.

In two animals functional adrenalectomy was performed
by ligating the renal pedicles, including the adrenal arteries
and veins, prior to cooling. One of these was cooled to 17°C,
the other was cooled to and maintained at 25°C. The data are
presented in Table 10.

Table 10. Blood catecholamine levels (fluorescence units) in
two dogs cooled after ligation of the adrenal vessels.

Dog 38°cC 33°C 25°¢C 20°C l7°C
0 hr 1l hr 2 hrs

H#1 6 10 13 15 18 — —

#2 6 9 10 - — 8 3

It is clear that these preliminary experiments give no
indication that functional adrenalectomy alters the blood
catecholamine responses of the animal, since the results shown
in Table 10 exhibit the same pattern as those from other
hypothermic animals shown in Tables 7 and 8.

V  CONCLUSIONS

A number of factors were examined in order to establish
their connection with the cardiovascular collapse leading to
death during prolonged hypothermia. Previous observations
that roughly 50% of the animals die when maintained at 25°C
for a period of 16 to 18 hours were confirmed. In addition it
was shown that less than 10% mortality occurs in anesthetized
control animals maintained at normothermic temperatures over

17
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a similar period of time. As in the previous study, hemo-
concentration was observed during cooling to 25°C with a further
increase in hematocrit when the animals were maintained at

this hypothermic temperature for several hours. By contrast
normothermic controls showed only small changes in hematocrit
over the same period. In preliminary experiments the changes

in hematocrit occurring in hypothermia were found to be
abolished by functional splenectomy. However the spleens of
hypothermic animals were actually heavier than those of the
normothermic controls.

Artificial atrial and/or ventricular pacing with electronic
pacemakers was examined as possible means of limiting the
effects of the progressive bradycardia previously observed
during prolonged hypothermia. This technique was not found
to be useful due to the frequent development of ventricular
fibrillation and other limitations of the cardiac dynamics
under hypothermia.

The status of the adrenergic system was examined by
determining tissue and blood catecholamine levels. Hypo-
thermia had no significant effect on the catecholamine levels
of the aorta or of highly vascular adrenergically innervated
organs such as the spleen or kidney; however it reduced the
cardiac norepinephrine levels to less than 50% of the
corresponding control values. Blood catecholamines consistently
rose while cooling from 38°C to 33°C where they reached a
maximum and decreased below control levels as cooling advanced
to temperatures of 25°C or lower. However when hypothermia
was maintained at 25°C, blocd catecholamines rose to reach
control pre~cooling levels by one hour and reached two to
three times the control levels after three hours.

These observations are taken to suggest that there are
drastic alterations in the adrenergic mechanisms during hypo-
thermia during both the acute phase and prolonged maintenance
of the hypothermic state. Such alterations may be expected
to produce significant changes in cardiovascular functions
and may play a key role in the factors which limit survival
during prolonged hypothermia. An extensive investigation of
the adrenergic mechanisms especially those involved in the
control of cardiovascular functions is needed.

18
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Irig. 2. Temperature Sensor Bridge Circuit.

allow the subject free and easy access to all areas within
the experimental chamber.

The Temperature Sensor—The temperature sensor is
a length of No. 44 Balco wire (70 per cent nickel, 30
per cent iron) sealed between two layers of teflon-
backed pressure sensitive tape. The total resistance of
the sensor is about 750 ohms at room temperature, and
the temperature coeflicient is approximately 2 ohms per
degree Fahrenheit. The bridge and calibration circuit
used is shown in Figure 2. The experimenter obtains
periodic sensor readings by placing switch S, in position
B and then closing switch S, which connects the circuit
to a standard 22.5 volt battery. A reading is then avail-
able at M, a sensitive microammeter. Switch S, is closed
only when making readings or calibrations.

The bridge circuit is calibrated with the sensor to
be used for a meter sensitivity of 0.5 microampere per
degree Fahrenheit. The meter used in the present
study enabled temperature measurements to the near-
est 1/10th of one degree Fahrenheit. The calibration
procedure is as follows: (1) The sensor (belt) is im-
mersed in a water bath of 98.6° Falrenheit. Variable
resistor R, is set to zero resistance for maximum meter
sensitivity, and switch S, is set to position B. Resistor
R, is then adjusted to obtain a null reading on the
microammeter, M. Following this adjustment, switch
S, -is moved to position D, and resistor R, is adjusted
to obtain a null reading on the microammeter, M. (2)
The sensor is now immersed in a water bath of 99.6°
Fahrenheit, and switch S, is again set to position B.
Variable resistor R, is now adjusted so that the meter
reads plus 0.5 microampere when the polarity reversing
switch, S,, is in the appropriately labeled direction for
positive current readings. Following this adjustment,
switch S, is moved to position C, and resistor R, is
adjusted to obtain the same plus 0.5 microampere read-

.ing as previously obtained with the switch S, set to the

B position.

Once this calibration procedure is completed, the
bridge can thercafter be internally calibrated for use
with this particular sensor (belt) without recourse to
water baths. Internal calibration is accomplished by
checking the balance and imbalance conditions with
switch S, set at D and C respectively and making any
necessary sensitivity adjustments on resistor R, during
the imbalance check. The complete external calibration
procedure must be repeated if a different temperature
sensor is used.

The Experiment—The feasibility of using this har-
ness-mounted skin temperature sensor for long term
monitoring purposes was examined in a study involving
the behavioral and physiological testing of subjects for
a 48-hour period. Subjects in this experiment were
individually isolated in an experimental chamber for a
48-hour period in which they were exposed to one of
the four following work-rest schedules: Schedule 1,
alternating work and rest periods, each period one-half
hour in length; Schedule 2, alternating work and rest
periods, each period one hour in length; Schedule 3,
alternating work and rest periods, each period one and
one-half hours in length; Schedule 4, alternating work
and rest pcriods, each period two hours in length. De-
tails of the basic experimental design and the variables
measurcd are described in an earlier report.’* Only the
heart-rate and body temperature data are reported in
this paper.

Body temperature and heart-rate readings were taken
once every ten minutes during all rest periods for all
four work-rest schedules. Since the basic experimental
design resulted in all subjects, regardless of schedule,
having a total of 24 hours of rest time in the course of
the 48-hour experimental sessions, 144 matching heart-
rate and skin temperature measurements were sched-
uled for cach of the subjects tested.

Subjects—Twenty-three subjects were each adminis-
tered one of the four work-rest schedules. The subjects
were all at least 21 years of age and in apparent good
health. The mean age of the subjects was 23.1 years.
Subjects were informed that the experiment would last
48 hours. During the course of the experiment, subjects
were not allowed any information concerning the pas-
sage of time, and specific details as to the nature of
the work-rest schedule administered were not given to
the subjects. Experimental schedules were assigned to
the subjects randomly using a double blind technique
to prevent either the experimenters or the subjects from
knowing the experimental conditions assigned prior to
the actual onset of the sessions. Twenty-one of the
subjects completed the full 48-hour session. One sub-
ject terminated the experiment for personal reasons,
and one session was terminated by the experimenters
due to a major equipment failure. All subjects wore
the harness system for the entire period of confinement.

RESULTS

The harness system proved to be reasonably comfort-
able for the subjects. The adjustable features of the
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“Wet”’ Versus “Dry”’ Suit Approaches to Water
Immersion Protective Clothing

R. F. GoLpmax, Pu.D., J. R. BrECKENRIDGE, B.S.,

Commanper E. Reeves, MSC, USN, ano Capraiy E. L. Brckman, MC, USN

Immersion protection flight clothing can be of either a skin
diver, “wet” suit type or waterproof, “dry” suit. A waterproofed
copper manikin was used to study the insulative properties of
both types of suits, in air and also during water immersion. The
bulkier characteristics of the dry suit studied, the Mark 5A,
provided greater insulation in air than either a 1/4” or 3/16"
unicellar sponge, neoprene wet suit. However, during water im-
mersion, compression of the “dry” suit by the water reduced the
insulation by 75 per cent. The insulation of the “wet” suits was
- also reduced but these suits are less compressible and thus during
water immersion provide significantly niore insulation than the
“dry” suit,

“dry” suit and two “wet” suits of differing thickness, in
air and during immersion in water.

MATERIALS AND METHODS

Thermal insulating values of three Navy immersion
suits were determined on an electrically-heated Copper
Man in air, and with the manikin immersed to the neck
in still and moving water. Measurements were also
taken with the manikin nude to estimate the insula-

tion provided by the air or water films at the surface
of the clothing

EMERCENCIES DURING FLIGIITS over water

frequently have as a sequitur, immersion of pilot
and/or crew in water for periods of one to many hours
before rescue.’* With special protective clothing, tol-
erances in 5°C water, of up to 3 hours have been re-
ported.? However, without such clothing, submersion
to the shoulders in water of 2 to 12°C can be fatal in
33 to 105 minutes.12 While such biological factors as
‘physical condition,® amount of body fat#10 and level of
activity maintained® are all involved in the resistance
to heat loss during water immersion, the high thermal
diffusivity of water, compared to that of air, damps the
difference in cooling associated with biological fac-
tors.*® The only practical solution will be found in pro-
viding insulation to reduce this heat loss. Hall, et al.,
in a series of articles between 1954 and 1958%7% ex-
plored relative heat loss in wet and dry clothing. They
concluded that utilization of a “wet” suit, a suit of
unicellular foam rubber which does not prevent water
entry but restricts free flow over the body surface, of-
fered some practical advantages, confirming earlier
Navy studies.’® Improvements in “wet” suits have con-
tinued, and will lead ultimately to an auxiliary heated
“wet” suit®; developments in waterproof fabrics and
closures have also taken place, leading to the develop-
ment of waterproof “dry” immersion suits. This paper
presents the results of a study in which a heated cop-
per manikin was used to measure the insulation pro-
vided by three immersion protection ensembles, one a

From the U. 5. Army Research Institute of Environmental
Medicine, Natick, Massachusetts, and the U. S. Naval Medical
Research Imstitute, Bethesda, Maryland.

The opinions or assertions expressed herein are the private
ones of the authors and are not to be construed as official or
reflecting the views of the Navy Department or the Naval
Service at large.

The three suits as used on the manikin were as fol-
lows:

a. Mark 5A waterproof immersion suit consisting of
Mark 5A air-ventilated liner and Mark 5A outer cover-
all. The gloves normally worn with this suit could not
be fitted on the manikin. In their place, a pair of stand-
ard Army cold-wet mitten inserts, covered for the water
runs with thin plastic glove covers, were used to pro-
vide an cquivalent (by estimate) insulation, A second
change, use of more heavily insulated boots (boot, insul-
ated, Arctic, white) than normally worn with this suit,
was dictated by the need for size 13R boots on this
manikin. No headgear was used with this system or
with the two wet suits described below.

b. Underwater swimmers wet suit, consisting of
jacket, trousers, and booties of %* unicellular sponge
neoprene. The neoprene hood and gloves of this en-
semble were not used; woolen mittens and plastic shells
were used for handwear as with suit a.

c. Helicopter crew immersion suit, wet suit type,
experimental, consisting of jacket, trousers and booties
of 3/16" nylon coated unicellular foamed neoprene,
Other dressing details were the same as for suit b.

The manikin used was a life-sized, erect, copper
shell waterproofed by brushing on several coats of re-
claimed rubber undercoating compound. The shoulder,
wrist and foot joints were strengthened and immobilized
by wrapping with a layer of nylon netting between
coats. This manikin is heated by a single circuit of
resistance wire cemented to the inside. Ten thermistor
sensors (wired in series) and 19 thermocouples in the
shell are used for controlling and measuring its temp-
erature. The couples are evenly spaced over the sur-
face, allowing use of a simple arithmetic average in
calculating the average surface temperature. Cables to
the manikin are brought out through the eyes and con-
nect to a central unit which includes an electronic on-
off temperature controller, a voltage stabilizer, and
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meters and timers for determining the average power
input to the manikin. Connections to a 20-point temp-
erature recorder are also brought out of the unit.

For insulation studies in air, the manikin was placed
in the center of a constant temperature room main-
tained at 80°F -=1°F and 50 per cent relative humidity,
with air movement approximately 50 ft/min. Average
surface temperature was maintained constant within
1°F at approximately 95°F. After equilibration (2 to
3 hours), two half-hour records were made of manikin
surface temperatures, air temperature (récorded from a
single thermocouple near the manikin) and power in-
put data. The latter consisted of voltage and amperage
readings, relay “on” time, and total observation time.
Surface temperatures were recorded at various times in
the heating and cooling cycles to insure a representa-
tive average. Thermal insulation, in clo units, for the
suits plus boundary air layer was calculated from the
equation:

3.09 (T,-T.) (A)

clo =

86 (E) (I) (F)

where T, = average surface temperature, °F
T, = air temperature, °F
A = manikin surface area, 1.86 m*
E = manikin supply voltage, A.C. volts (RMS)
1 = current, amperes
F = relay “on” time divided by total time

The tank used for the water immersion studies was 3
foet in diameter and 6 feet in height with a valved in-
let near the bottom and an outlet pipe 5 feet up the
wall. This pipe was fitted with a 90° elbow, an 8" nip-
ple, a second elbow, and a tee for venting the outlet
line (anti-siphon device). Turning this array adjusted
the height of the second elbow and with it the water
level in the tank (above the outlet pipe).

For the still water runs, the tank was simply filled to
the desired level. In most of the other runs a slow
water circulation was provided by connecting the tank
to an external 15-gallon water bath equipped with a
pump which delivered up to 9 gal /min to the tank. This
flow rate was usually reduced to about 1 gal/min to
avoid overloading the overflow and return line (which
would cause poor level control). Increased circulation
was provided in one run by stirring the water and in
another by introducing compressed air at the bottom.
This caused violet agitation and mixing, especially near
the surface.

Procedures used in determining insulations of the
three suits in water were the same as in air. Manikin
surface temperature was controlled within +=1°F at
about 95°F and water temperature remained prac-
tically constant at 80°F. The tank was located in the
constant temperature room set as in the air exposures
and no other control on water temperature was neces-
sary. It was measured with a thermocouple in a thin
plastic sheath, and checked for accuracy with a therm-
istor thermometer and a mercury thermometer. The
manikin, which weighs only 75 pounds but displaces a
volume of water equivalent to that of a man, was held
down by clamping the ankles to its support stand,
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weighting the base, and lowering a ring normally used
around the head until it rested on the shoulders; all
surfaces in contact with the manikin were wood or non-
conductive sponge. Manikin and tank were electrically
grounded to protect personnel in the event water leaked
through the surface coating.

RESULTS

Insulating values in air and water are given in clo
units for the manikin nude and dressed in each of the
three ensembles (Table I). Values include the insula-

TABLE I. TOTAL INSULATING VALUES IN AIR AND WATER

(clo units)
Stilt Water Flow Stirred
Suit Air Water lgpm Water
Nude Manikin 0.62 0.14 —_ 0.11
Mark 5A Immersion Dry Suit 2.05 0.56 0.57 —
Underwater Swimmers Wet Suit
(%" Neoprene) 1.48 0.76 0.77 0.71
Helicopter Crew Wet Suit

(3/16” Neoprene) 1.32 _— 0.78 —_

tion of the boundary air or water film at the surface of
the clothing; these film insulations for the clothed
manikin are approximately equal to the value for the
nude manikin, ie., 0.62 clo in air and 0.14 clo in still
water. The values in circulating water are separated
according to the technique used, ie., flow or stirred.

DISCUSSION

The Mark 5A suit is a loosely-fitting two-layer en-
semble which derives much of its insulation from air
trapped between layers. In air, the Mark 5A suit pro-
vides more insulation than the %" and 3/16" wet suits
(0.5 and 0.7 clo higher respectively). In water, how-
ever, the two wet suits provide 0.2 clo more insulation
than the Mark BA, as its layers collapse inward against
the manikin, the air spaces disappear, and thus the
Mark 5A insulation falls off sharply. On the other hand,
the wet suits are designed to fit snugly and use a rela-
tively thick layer (compared with those in the Mark
5A suit) to provide insulation. The results indicate
that the sponge neoprene used in these suits is com-
pressed only slightly under water. Hall has previously
noted the relationship between improved protection
and greater resistance to corapression.’

An estimate of 1/15th of an inch on the average for
the compression of the %" suit system could be made
using the 3 clo/inch relation for foamed neoprene,? since
the intrinsic insulation of the %" thick wet suit (total
value less that for the nude manikin) was only 02 clo
less in still water than in air (0.62 clo vs 0.86 clo).
However, laboratory studies on %" neoprene foam have
indicated that the compression at the pressure equiva-
lent to this water level, estimated as 2% feet on aver-
age, would only be some 2/1000 of an inch?; while a *
¥ inch suit should be more compressible, the dispro-:
portion appears too great. Substitution of water (.266
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clo/inch) for only a 1/30” thickness of trapped air
next to the skin (6.13 clo/inch) is a more reasonable
explanation. Reduction in the insulation of the 3/16"
thick wet suit was apparently even less than that of the
4" suit under water. The 3/16" thick suit was easier to
put on the manikin and perhaps provided a better fit,
thus allowing less substitution of water for trapped
air. This foam also may have been less dense than the
%" foam; since solid neoprene only provides 0.9 clo/
inch; the less dense the composition of the suit, the
better the insulation for an equivalent thickness.

From this study it appears that the boundary water
film insulation is quite small and only slightly affected

by the water velocity over the surface. The value for-

the nude manikin was 0.14 clo in still water which was
reduced to 0.11 clo with violent agitation (stirring with
a paddle, bubbling air through water or mechanical
stirring produced the same value). A similar decrease
with the X" wet suit (0.76 to 0.71 clo) is evidence of a
like effect on the film at the surface of the neoprene.
Studies on this aspect of the problem are planned.

It would appear that the “dry” suit, which is bulkier
in air and hence imposes more insulation on the wearer,
also is compressed significantly more than a “wet” suit
upon water immersion and then provides less protection
than the wet suit. Maximum insulation in water but
' minimum in-flight insulation, and encumbrance, are de-
- sirable characteristics. The “wet” suit approach is
certainly preferable in this regard. There are addi-
tional problems with maintaining the dry state of the
“dry” suit. Closure leakage is a frequent problem,
porous diffusion may occur, particularly in well worn
suits, and emergency evacuation of an aircraft fre-
quently is accompanied by superficial lacerations®t
which would ruin a “dry” suit while even more severe
damage would do little to impair a “wet” suit. The
well known physiologic phenomenon of cold diuresis
would also be a problem in maintaining a “dry” suit,
but could be ignored in a wet suit. For comfortable
wear in flight, ventilation systems to prevent insensible
sweat accumulation are required with either the im-
permeable “dry” or “wet” suit; provision of in-flight
comfort is a ventilating system design problem common
to both approaches. Since the only reason for wearing
anti-immersion garments in flight is to provide protec-
tion in the event of water immersion, it would seem
that the “wet” suit approach, which provides the bet-
ter protection in such an eventuality, is preferable
to the “dry” suit. In air, an average man (1.8m? body
surface area) wearing the dry suit would lose, by radi-
ation and convection, 8.8 kcal per hour of body heat
for each °F difference between his average skin temp-
erature and the ambient air tempecrature, whereas
wearing the Helicopter crew, 3/16" wet suit he would

lose 13.6 kcal per hour per °F or 55 per cent more.
Thus if overheating during in-flight wear is a problem,
the wet suit advantage is obvious. Comparable figures
during water immersion are 32.1 keal per hour per °F
difference between skin and water temperature in the
dry suit, and 23.7 kcal with 3/16” wet suit, represent-
ing a conservation of 26 per cent of the heat lost when
wearing a dry, “dry suit.” This conservation would be
even greater if rips, closure leakage, cold diuresis or
age induced porosity in the dry suit reduced its in-
sulation value still further.
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Method of Recording Body Temperature

for Prolonged Time

Downarp I. Tepas, Pa.D., and Micuaer A. B. VianNerro, B.A.

A harness-mounted temperature semsor was developed for
prolonged monitoring of human skin temperature. This sensor
was 30 inches by 1 inch in size and was mounted in an adjust-
able harness which held the sensor in close contact with the
chest. Temperature measurements, together with concomitant
heart rate readings, were recorded from subjects in the course
of 48-hour cxperimental sessions, The harness proved to be a
reasonably comfortable item for the subjects to wear. The tem-
perature measures display many of the characteristics associated
with standard body temperature recordings, and the heart rate
changes obtained agree with the temperature changes recorded.
The results suggest that this may be a promising technique for
monitoring body temperature changes remotely in the course of
extended space travel. Additional parametric research is needed
to completely assess this approach.

CPYRGHT

Russian reports indicate that a harness system Tor
applying electrodes provides a comfortable and reliable
method for obtaining electrocardiogram signals during
prolonged space flight.! Adopting a similar approach,
a harness-mounted skin temperature sensor was de-
signed. The harness is part of a laboratory physiological
monitoring system which has been described in a previ-
ous report.**

MATERIALS AND METHODS

The Harness—The harness developed is shown in

ODY TEMPERATURE is a physical parameter
measured by many biomedical monitoring systems.
Rectal, oral, and skin surface sensors have been used.
In general, the rectal probe provides the most reliable
device for continuous monitoring purposes.? When
long-term monitoring is contemplated, however, com-
fort must be considered, and thus a rectal probe is
usually not used. For example, the Mercury Project
monitoring system switched from a rectal probe to an
oral probe for the longer duration MA-9 flight? An
oral sensor has many limitations which indicate that it
is not the final solution to this aspect of the long term
monitoring problem. Oral readings are influenced by
eating and breathing activities. Readings also require
assistance from the subject since continuous presence
of the probe in the mouth is normally not desirable.
Skin surface temperature sensors have a number of
limitations which have restricted their use: maintenance
of good contact between the sensor and the skin is fre-
quently difficult; positioning of the probe is quite criti-
cal; measurements are sometimes extremely sensitive to
movement and environmental artifacts; and, relatively
little is known about the relationship of skin tempera-
tures to various medical parameters. The present study
examines the feasibility of developing a skin tempera-
ture sensor which will overcome many of these limita-
tions.

From the Human Factors Group, Research Department, Sys-
tems and Research Division, Honeywell, Inc.; St. Paul, Minne-
sota.

This paper is based on research conducted at Honeywell under
U.S. Air Force contract.

Presented at the Aerospace Medical Association Annual Meet-
ing, New York, New York, 1965.

Figure 1. This hamess 1s WOITt as ﬁn—mrd'ergamrem—,

and it is equipped with elastic straps and adjustable
insert panels which assure a snug but comfortable fit
for a wide range of subjects. The system permits moni-
toring of the clectroencephalogram (EEG), the electro-
cardiogram (ECG), and skin temperature. The tem-
perature sensor is a 30 inch by 1 inch ribbon held in
close contact with the subject’s chest surface by the
harness as indicated in Figure 1. This large-surface
temperature sensor was developed in an attempt to
increase the sensitivity of the measurements made and
to minimize effects resulting from relatively small local
changes in skin surface contact. For the present study,
a direct-wire connection was made between the harness
system and the required amplifier and/or bridge cir-
cuits used. This connection was made via a light-
weight multiple conductor cable of sufficient length to

EEG
ELECTRODES

ECG
ELECTRODES

MINIATURE
CONNECTOR

TEMPERATURE
RIBBON

UTPUT
CORD 7

Fig. 1. The Harness System.
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Fig. 2. Temperature Scnsor Bridge Circuit.

allow the subject free and easy access to all areas within
the experimental chamber.

The Temperature Sensor—The temperature sensor is
a length of No. 44 Balco wire (70 per cent nickel, 30
per cent iron) sealed between two layers of teflon-
backed pressure sensitive tape. The total resistance of
the sensor is about 750 ohms at room temperaturce, and
the temperature cocflicient is approximately 2 ohms per
degrec Fahrenheit. The bridge and calibration circuit
used is shown in Figure 2. The expcrimenter obtains
periodic sensor readings by placing switch S, in position
B and then closing switch S, which connects the circuit
to a standard 22.5 volt battery. A rcading is then avail-
able at M, a sensitive microammeter. Switch S, is closed
only when making readings or calibrations.

The bridge circuit is calibrated with the sensor to
be used for a meter sensitivity of 0.5 microampere per
degree Fahrenheit. The meter used in the present
study enabled temperature measurements to the near-
est 1/10th of one degree Fahrenheit. The calibration
procedure is as follows: (1) The sensor (belt) is im-
mersed in a water bath of 98.6° Fahrenheit. Variable
resistor R, is set to zero resistance for maximum meter
sensitivity, and switch S, is set to position B. Resistor
R, is then adjusted to obtain a null reading on the
microammeter, M. Following this adjustment, switch
S, is moved to position D, and resistor R, is adjustcd
to obtain a null reading on the microammeter, M. (2)
The sensor is now immersed in a water bath of 99.6°
Fahrenheit, and switch S, is again set to position B.
Variable resistor R, is now adjusted so that the meter
reads plus 0.5 microampere when the polarity reversing
switch, S,, is in the appropriately labeled direction for
positive current readings. Following this adjustment,
switch S, is moved to position C, and resistor R; is
adjusted to obtain the same plus 0.5 microamperc read-
‘ing as previously obtained with the switch S, set to the

Approved For Release 2002/11/08 :

" mmTIIOD O FBH SN F A ROE LA BB 156" &I AR Y50 0268000 1600500 o018 °

LN LI L LT

I TINDTT

B position.

Once this calibration procedure is completed, the
bridge can thereafter be internally calibrated for use
with this particular sensor (belt) without recourse to
water baths. Internal calibration is accomplished by
checking the balance and imbalance conditions with
switch S, set at D and C respectively and making any
necessary sensitivity adjustments on resistor R, during
the imbalance check. The complete external calibration
procedure must be repeated if a different temperature
sensor is used.

The Experiment—The feasibility of using this har-
ness-mounted skin temperature sensor for long term
monitoring purposes was examined in a study involving
the behavioral and physiological testing of subjects for
a 48-hour period. Subjects in this experiment were
individually isolated in an experimental chamber for a
48-hour period in which they were exposed to one of
the four following work-rest schedules: Schedule 1,
alternating work and rest periods, each period one-half
hour in length; Schedule 2, alternating work and rest
periods, each period one hour in length; Schedule 3,
alternating work and rest periods, each period one and
one-half hours in length; Schedule 4, alternating work
and rest periods, each period two hours in length. De-
tails of the basic experimental design and the variables
measurcd are described in an carlier report.”* Only the
heart-rate and body temperature data are reported in
this paper.

Body temperature and heart-rate readings were taken
once cvery ten minutes during all rest periods for all
four work-rest schedules. Since the basic experimental
design resulted in all subjects, regardless of schedule,
having a total of 24 hours of rest time in the course of
the 48-hour experimental sessions, 144 matching heart-
rate and skin temperature measurements were sched-
uled for each of the subjects tested.

Subjects—Twenty-three subjects were cach adminis-
tered one of the four work-rest schedules. The subjects
were all at least 21 years of age and in apparent good
health. The mean age of the subjects was 23.1 years.
Subjects were informed that the experiment would last
48 hours. During the course of the experiment, subjects
were not allowed any information concerning the pas-
sage of time, and specific details as to the nature of
the work-rest schedule administered were not given to
the subjects. Experimental schedules were assigned to
the subjects randomly using a double blind technique
to prevent either the experimenters or the subjects from
knowing the experimental conditions assigned prior to
the actual onset of the sessions. Twenty-one of the
subjects completed the full 48-hour session. One sub-
ject terminated the experiment for personal reasons,
and one session was terminated by the experimenters
due to a major equipment failure. All subjects wore
the harness system for the entire period of confinement.

RESULTS

The harness system proved to be reasonably comfort-
able for the subjects. The adjustable features of the
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harness resulted in a tight fit for all subjects tested
without any modification of the basic design. Subjects
were able to work, rest, eat, and toilet with the harness
on, and no significant restriction in activity was ob-
served or reported. No medical complications of any
sort were observed at termination. Of the 21 subjects
completing the experiment, complete heart-rate data
was obtained from 16 subjects and complete tempera-
ture data was obtained from 14 subjects. Partial data
was obtained from the remaining subjects due to a
variety of minor electronic malfunctions. Incomplete
temperature data was the result of a broken tempera-
ture sensor in only three cases.

Skin temperature and heart-rate measures were
grouped for analysis in two ways: cycle analysis—
grouping all of the measures collected during any given
rest period; and period analysis—grouping measures
according to when they were collected within rest
periods. Grouping data by cycles yielded information
concerning long-term- changes during the 48-hour peri-
od, such as circadian rhythms; grouping data by periods
yielded information concerning short-term changes
within rest periods, such as sleep. Data was grouped
by both periods and cycles for groups of subjects re-
ceiving the same experimental treatment. Only data
collected from subjects in which complete body tem-
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Fig. 3. Cycle Analysis of Skin Temperature and Heart Rate
Data.
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perature or heart-rate measurements were obtained are
included in the data presented here. Mean values for
both individual subjects and for groups of subjects re-
ceiving the same experimental treatment were plotted
as a function of time. Variations in the functions ob-
tained in this manner were visually inspected for trends.
Due to the measurement techniques used and the range
of individual differences possible with such techniques,
the absolute values obtained with the various work-rest
schedules cannot be compared.

An analysis of skin temperatures and heart-rate data
by cycles is presented in Figure 3. For this figure, data
collected from individual subjects has been grouped by
cycles; then, the mean cycle values for the subjects
administered a particular schedule have been plotted.
The position of the curves on the Y axis has been arbi-
trarily shifted so that the details of the functions can
be easily studied. Both skin temperature and heart-rate
data display circadian (about 24 hours) components.
Circadian fluctuations would appear to be the least
evident in the heart-rate data obtained from subjects
administered the Schedule 1 (one-half hour rest—one-
half hour work) treatment. Given the fact that all
experimental sessions started between 4:40 p.m. and
6:28 p.m.,, the temperature readings appear to drop in
the early hours of the morning. A tendency towards
temperature increase with an increase in the number
of hours the subject has been in the experiment also
appears evident. Circadian variations in heart-rate
appear to agree with those in the skin temperature data.

PERIOD ANALYSIS

SKIN  TEMPERATURE

— ~ SCHEDULE

HEART RATE

" 60 110

MINUTES

10

Fig. 4. Peériod Analysis of Skm Temperature and Heart Rate _

Data.
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An analysis of skin temperature and heart-rate data
by periods is presented in Figure 4. Data collected
from individual subjects has been grouped by periods;
then, the mean period values for the subjects admin-
istered a particular schedule have been plotted. The
position of the curves on the Y axis has been arbitrarily
shifted so that the details of the functions can be easily
studied. Mean skin temperature varied over a range
of less than two degrees Fahrenheit, and skin temper-
ature appears to increase as a function of period. Mean
heart-rate varied over a range of less than 15 beats per
- minute, and heart rate appears to decrease as a function
of period. Period variation in mean skin temperature
and heart-rate appears to be the least regular for Sched-
ule 4 data,

DISCUSSION

The results of the present study indicate that a com-
fortable harness-mounted skin temperature sensor can
be designed and used to monitor isolated active sub-
jects over an extended time. The increased skin tem-
perature readings obtained with a period analysis is
similar to mean skin temperature changes observed in
resting man by Kreider, et al.” Similarly, the circadian
temperature and heart-rate changes evident in the cycle
analysis are in agrecment with the literature as re-
viewed by Kleitman.® Thus, the data collected display
many of the characteristics associated with standard
body temperature measurecs. ‘

The comfort and apparent reliability of the system,
together with Russian experience with physiological
harness systems, suggest that it may be a promising
technique for monitoring body temperature changes
remotely for periods of weeks or more. Despite the
positive nature of these results, a number of important
questions remain unanswered. Harness skin tempera-
ture measures should be compared with concomitant
oral, rectal, and room temperature measures under a
wide range of conditions. The medical diagnostic and
prognostic value of this body temperature measure
must be determined if such measures are to be con-
sidered for inclusion in any future acrospace monitoring
systems.

A number of significant independent variables have
been related to changes in body temperature, Work, 1112
food intake,»” heating,* exposure to cold® and sleep®?
all result in a significant variation in body temperature,
Unfortunately, the nature of these variations has been
shown to be a function of the way in which body tem-
perature is measured. Thus, for example, when men
rest or sleep, mean weighted skin temperature increases
while rectal temperature decreases.® Parametric studies,
relating the above identified independent variables to
the harness-mounted temperature sensing techniques,
should be conducted.

Kleitman® and others® have demonstrated a signifi-
cant parallelism between body temperature circadian
variations and both physical and mental performance.
Thus, body temperature might be used as a simple
measure of alertness, efficiency, and other related be-
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havioral performance factors. Unfortunately, this rela-
tionship has been demonstrated with oral and rectal
measures, but little is known about the relationship
between skin temperature measures and performance.
In the present study, temperature measurements were
made only during the rest periods. Additional research
is needed in which these temperature measurements
are made during the performance of appropriate be-
havioral tasks to evaluate the potential relationship be-
tween this skin temperature measure and performance.
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Three laboratory species were subjected to elevated oxygen
tensions for 60-day periods, with nitrogen at either high or at
minimal levels. No influence of the nitrogen could be detected.
At 337 mm. oxygen with hamsters and 373 mm. with mice there
was no increase in mortality, either during the exposure or fol-
lowing return to the normal altitude environment of Denver.
Lung damage was seen, however, at the 300 mm. level and
became more severe as oxXygen tension was further increased.
Rats are more tolerant of elevated oxygen than are mice or ham-
sters, no lung changes being detectable at the 300 mm. level.
Tt i concluded that higher oxygen tensions may be withstood,
and for longer periods, than previously reported.

CPYRGHT

60-Day Exposure io Artificial Atmospheres

construction of a time/tension curve of oxygen toler-
ance and exposure. Testing for much longer periods
to tensions higher than sea-level conditions, but below
495 mm. must be done before a satisfactory time/ten-
sion relationship can be demonstrated.

The relatively long-term work mentioned has been
done on man and at minimal oxygen tension. Longer
exposures and those involving higher oxygen tensions
must be tried first on experimental animals. Such a
beginning has been made on mice.® Direct extrapola-
tion of findings from experimental forms to man cannot
be made, but objectivity of results and lack of risk to

COMPOSITION of an artificial atmosphere that will
be satisfactory for prolonged space habitation
interests both physiologist and engineer. Problems are
antagonistic requiring a reasonable compromise. Low
total pressure and absence of inert gas ease engineering
problems, but an oxygen tension above minimal physio-
logic requirements provides a margin of safety in the
advent of emergency leakage. The upper limit of oxy-
gen for periods in excess of three or four weeks is
unknown. Need of an inert gas has not been demon-
strated® but without this determination any effects
seen in 100 per cent oxygen, whatever the tension em-
ployed, might be attributed to lack of inert gas rather
than to the level of oxygen. Any effect of nitrogen lack
has been questioned,® but loss of many animals early
in their exposure, or following return to normal atmos-
phere, clouds the result. The possibility of atelectasis
must always be considered in absence of inert gas.
Much work has indicated that exposure for more
than a few hours to oxygen tensions above 425 mm. Hg
produces toxic symptoms; thus, 425 mm. can be con-
sidered the maximum,b2&5791%11 The higher the ten-
sion of oxygen about 425 mm., the sooner and the more
severe are toxic symptoms. Although some have con-
cluded that tensions less than 425 mm. can be tolerated
indefinitely,®1%** this seems unwarranted, being based
on exposures of only from 24 hours to seven days. It
appears more probable that a time/tension relationship
exists below as well as above the limit of 425 mm.;
this has been suggested.’? The data available for such
a curve cover only three or four weeks which represent
a very short period of a man’s life-time. Further, the
longer exposures have been at near minimal physiologic
levels. A variety of end-points of detriment complicates

From the Department of Zoology, University of Denver,
Denver, Colorado. Support for this study was provided by the
Martin Company, Denver Division, The Faculty Research Fund
of The University of Denver, and NASA Rescarch Grant No.
NsG-518.
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of normal life-span, periods of exposure of laboratory
animals can be of highly significant duration.

Three species have been used in the reported work
to provide a better basis for extrapolation to humans.
Sixty-day exposure represents a significant fraction of
the expected ‘life-span of these species. An attempt
was made to evaluate the effect, if any, of normal versus
minimal levels of nitrogen with constant oxygen level.
Since no differences were seen in the earlier series, this
phase was discontinued in later work. Oxygen tensions
employed have been between the known minimal level
and the maximal for short periods.

METHODS

Rats, mice, and hamsters have been subjected to
experimental atmospheres for 60-day periods. Young
adults were used, female with the exception of series
4-6. Through series 18 animals were divided into three
groups; controls were pumped air at ambient pressure,
one group was supplied with oxygen at reduced pres-
sure, and the third group received an oxygen-nitrogen
mixture which provided, at ambient pressure, a partial
pressure of oxygen essentially the same as for those
receiving only oxygen. Results to this point were such
that the oxygen-nitrogen groups were omitted in later
work (series 19-28) and only mice were used.

Compressed gas was dry; air for the appropriate
groups was pumped through anhydrous calcium chlo-
ride before delivery to the chambers. Rate of gas flow
was much more than adequate to assure metabolic
oxygen. Excess flow helped to reduce levels of water
vapor, carbon dioxide, and ammonia.

In the first nine series containers of soda-lime were
placed in the chambers to reduce carbon dioxide levels.
Gas analysis showed this to be inefficient and in later
series the atmosphere of each chamber was recirculated
through containers of sulfuric acid and of soda-lime for
better removal of metabolic by-products.

Transversely bissected, galvanized hot-water tanks
served as chambers. The open ends were closed with
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logic mechanisms, but prompts a cautious approach to

drawing general conclusions applicable to all mam-
_ malian species including man on the basis of the ex-
; periments reported here on micc.

Fortunately, it is now possible to say that similar
studies have been completed using rats and guinea pigs.
Preliminary analyses of the data show some randomness
in the pressure-ratio figures and, in gencral, similar
trends in blast tolerance with variations in the ambient
pressurc. Whether or not the pressurc-ratio associated
with such experiments is indeed a constant, with the
differences noted indicating only “normal” experimental
error and chance variations, cannot be stated now. But
if results from future experiments with other specics
indicate that the LD,s can be expressed as multiples
of the initial pressure, biological blast scaling as a

function of ambient pressure will become a relatively

~ simple matter. For example, man’s tolerance (L.D;,-24-
"hours) to “sharp’-rising overpressurcs of 400-mscc
" duration has been calculated to be 50 psig from oxtra-
- polation of an interspecies correlation involving six dif-
ferent mammals.”® Since the data were compiled at an
ambient pressure of 12.0 psia, the overpressurc—nor-
malized to the initial pressure—would be 4.2 atm.
Consequently, to obtain the LD, for “long”-duration
' air blasts for different ambient pressurcs, onc may ten-
- tatively multiply the ambient pressure of interest by 4.2.
' Thus at sea level (14.7 psia), the calculated LDy, for
man would be 62 psig; at 26,400 ft (5.2 psia) it would
be 22 psig. It is well to emphasize the tentative and
uncertain nature of these procedures, and it is no doubt
prematurc to dwell on this topic further. Let it suffice

; to say that full understz nding of biological blast scaling
" must await the results of future work.

Be this as it may, it is currently quite clear that the
ambient pressure is indecd a physical paramcter of
major importance in specifying blast cffects. Consc-
quently, recording the local barometric pressurc now
needs to be considered a requirement in all quantita-
tive investigations of blast tolerance.
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Current Concepts and Practices Applicable to
the Control of Body Heat Loss in Aircrew
Subjected to Water Immersion

Carr. E. L. BEckman, MC, USN, Cor. E. Re Eves, MSC, USN, anp R. F. CoLoman, PirD. CPYRGHT

The problem of providing adequate clothing for personnel who
either accidentally or otherwise are immersed in cold water has
continued to challenge clothing manufacturers for the past de-
cade. The development of foamed plastics and other clothing
materials offers new possibilities. Likewise new advances in
energy conversion systems offer new solutions to this critical
operational problem.

The basic physical and physiological concepts which pertain
to the problem of limiting thermal loss from the immersed human
are reviewed. The newer technical developments in insulative
clothing and supplemental heating systems are reviewed and dis-
cussed with relation to these basic concepts.

IMMERSION IN COLD WATER is one of the major
environmental hazards to which military personnel
may be exposed. To the ground-based pilot and crew,
it poses only a remote and little considered hazard,
but to carrier-based flying personnel it is an ever pres-
ent threat to existence. There is no conditioning pro-
gram effective in altering the unpleasantness of the
experience or in decreasing the lethal rate at which a
warm body loses heat to the cold water. Conductive
heat loss from the immersed nude body occurs at all
water temperatures below that of the immersed body.
When water temperature reaches 24° C, death from
body heat loss for unprotected personnel must be an-
ticipated within 24 hours. At lower water temperatures,
critical failure of thermal balance will occur in a few
hours or even in minutes if immersion occurs in freez-
ing sea water. Thus, any situation, accidental or other-
wise, in which personnel are immersed in cold water
for any appreciable time requires provision for con-
serving body heat. The following methods for limiting
the rate of heat loss from the immersed human body
are presently practiced:
I—utilizing the body’s own protective thermal me-
chanisms to maximum advantage;
2—limiting the duration of the period of immersion;
3—supplying insulative clothing to reduce heat loss;
4—providing supplementary heat to replace the

Bethesda, Mary-
of Environmental

From the Naval Medical Research Institute,
land 20014, and U, S. Army Research Institute
Medicine, Natick, Massachusetts.

Bureau of Medicine and Surgery, Navy Department, Research
Task No. MR005.13-4001.06. The opinions or assertions ex-
pressed herein are the private ones of the authors and are not to
be construed as official or reflecting the views of the Navy De-
partment or the Naval service at large.

body’s heat loss.

Utilizing the body’s own protective mechanisms to
the maximum is of primary importance. However, en-
hancement of the body’s tolerance to cold water im-
mersion by training or conditioning, while possible to
a limited extent, is of little operational value. It has
been established that some long distance swimmers
can endure prolonged immersion in cold water as a
result of the protection afforded against thermal loss
by an increased thickness of their subcutaneous fat
layer and also by a conditioning regimen that trains
them to swim for long periods of time at a very high
rate of metabolic heat production. Carlson, et al.,’
stadied one such swimmer who had spent as long as
14 hours swimming in water between 4 and 8°C; his
body fat content was 33 percent of his total body
weight and he swam at a heat production rate of 550
Kcal/hr. Pugh and Edholm, > studying English Channel
swimmers, observed that they too had an increased
subcutaneous fat which limited the rate of heat loss
and they swam as vigorously as possible to maintain
a high rate of heat production. Training to improve
the physical work capacity is worthwhile but develop-
ing the capability of maintaining a 550 Kcal/hr work
output for 8-12 hours can only be achieved after many
years of training and is not likely to become a prerequi-
site for aviation duty. The deposition of excess body
fat is contrary to our present military view of physical
fitness.

Limiting the time of immersion can be completely
effective at all subcorporeal ranges of water tempera-
ture. Immersion of an unprotected subject in freezing
water is an excruciatingly painful but endurable cx.
perience and, judging by the practice of the many
“Polar Bear” Clubs, even routine to some individuals.
The water “ditched” airman, however, must cope with
cold water until rescued, a period that may cxtend
from minutes to hours. Obviously, protecting military
personnel against the effects of accidental cold wator
immersion by controlling the duration of exposurc has
little operational meaning.

Only the remaining two methods of controlling ther-
mal loss offer any promise of being rewarding from
the military point of view. The advances in clothing
and textile technology which have occurred within the
past 10 years suggest that improved insulative fabrics
could be provided. In addition, the newer technologies
in energy conversion systems, ie., thermoelectrics,
electrochemistry, and thermionics, etc., suggest that
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* systems for replacement of body heat may be available

at an acceptable weight penalty so that it may be
possible to maintain immersed personnel in thermal
balance for a significant period even in frcezing water.
It would, therefore, seem appropriate, to review the
problem of heat loss and thermal balance of the im-
mersed human; to define the physical and physiological
limitations of thermal balance during immersion; to
evaluate the advances in insulation and heat replace-
ment methods which would be useful in maintaining
the thermal balance of immersed military personnel;
and, to attempt to derive a realtistic prediction of what

“developments should be undertaken in support of the
.servicemen who may be immersed in cold water.

Man appears to be acutely sensitive to any decrease
Although
the decp body temperature at which given central

‘mervous system changes occur varies between indi-

viduals, on the basis of clinical cxperience in produc-

“ing hypothermic anesthesia, McQueen® has reported

that when the core temperature is decreased to 34°C,
amnesia occurs for the period of cooling below that
temperature and the patients become dysarthric and
begin to lose contact with their swroundings. Pain

~is generally appreciated down to a core temperaturc

of 30°C at which point the ability to recognize rcla-
" tives or surroundings is also lost. Voluntary motion

is lost at 27°C, as are pupillary light reflexes and decp
tendon and skin reflexes. Virtue' corroborated thesc

~ findings and reported that cardiac irrcgularities such
. as atrial fibrillation, ventricular cctopic beats, and ven-

tricular rhythms were to be expected at core tempera-
tures of 32-30°C.

While there are these serious effects of whole body
hypothermia, the regional heat losses from the fingers
and hands have been found to be the practical limiting
factor in the effectiveness of many of the garments
designed for protection against cooling during immer-
sion. Provins and Clark® demonstrated that as the
fingers, hands, and arms were cooled below 15.5°C,
subjects developed an increased reaction time, a de-
crease in tracking proficiency and a decrease in manual
dexterity, with a loss of tactile discrimination and kin-
esthetic sensation as well as a decrcase in muscle
strength. In some of our immersion studies in 10°C
water, unprotected subjects demonstrated a decrcase
in grip strength of 50 percent in less than onc hour
of immersion.’

In order to design a protective system, it is necessary
to closely define the temperature limits within which
the protective system is cxpected to function. Although
the deep body temperature of 27°C is the critical
vital temperature for the sedated, ancsthetized patient,
the unmedicated voluntcer immersion subject appears
to become thermally unstable below 34.4°C (94°F)
and tends to become poikilothermic. Ilence, it would
secm to be nccessary to limit the heat loss of cold
water immersed victims so as to maintain the decp
body temperature above 34.4°C if a survival/rescuc
operation is to be successful.

The water temperature in which the downed aviator
must survive varies with the geographical location of

TABLLE I. TEMPERATURE VARJATIONS IN THE OCEANS

Percentage of Ocean
Surface with Temperature

Below Astlantic Indian Pacific Mean

25°C (77°TF) 71.6 62.0 59.9 66.7

20°G (68°F) 49.9 48.3 41.6 46.6
Annual Variation Tropical Latitudes —1° — 2°G
Annual Variation Iligher Latitudes —1° —17°C
Diurnal Variations —0.1° — 0.4°C

the accident, the weather, time of year, and time of
day as shown in Table I. Studies in progress at the
Naval Medical Rescarch Institute indicate that heat loss
is not a critical limiting factor in experimental immer-
sions of 24 hours (nude) in 85°F water, but that it
becomes critical for many subjects immersed nude in
75°F water in less than 12 hours.® The mean voluntary
tolerance time of 24 subjects immersed in 75°F water
was 8.3 hours. This is substantially the tolerance time
found in actual survival experiences. Therefore, some
form of protection is necded for prolonged immersion
in water of 75°F and below. From Table I, it can be
scen that on the basis of the geographical distribution
of ocean areas having a surface temperature below
77°F, there is a 67 per cent probability of an accidental
immersion occurring in water requiring some thermal
protcctive garment. In the past the time required for
rescue varied from less than 1 to 36 hours. The thermal
protection required obviously varies with the duration
of the cxposure. The temperatures of the oceans of
the world vary from that of freezing salt water (—2°C)
to the 32°C summer water temperature of the Persian
Gulf. Consequently, from the point of view of either
a survival or a protective thermobalance system, it is
necessary to consider an immersion of 1 to 36 hours in
waters varying in temperatures from —2° to 30°C with
weather conditions varying from sunshine to storm and
in sea states from flat calm to typhoon. Solar radiation
is very beneficial in warming the cold water immersed
victim whereas the rougher the sea state the greater
will be the heat lost to the water moving past the
immersed victim and the greater will be his rate of

. cooling.

Since weight and space are limiting factors in the
design of aircrew equipment, it is necessary to consider
the weight and cube of any survival system. The pres-
ent anti-exposure garments for aircrew weigh 7.5 kg
(16.5 Ibs); this then should be an acceptable upper
limit for any replacement system.

Before considering methods of prevention of heat
loss by insulation or rcplacement of heat loss by sup-
plementary heat, it is first necessary to evaluate the
insulative and heat-generating capacity of the body
itsclf. The insulative capacity of the body may be
described as both active and passive, e.g.: the active
phasc of tissuc insulation results from the variable
peripheral vasoconstriction of blood vessels in the skin
and the passive insulation is provided by the thickness
of the relatively avascular subcutaneous fat layer. In
other words, the insulative effectiveness of the surface
of the body is cqual to the insulative value of the rela-
tively constant fat layer plus the thickness of the
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actively vasoconstricted, and thus insulative layer.

Thermal conductivity measurements made on freshly
excised human tissue show that the heat loss through
a layer of fatty tissue 1 cm. in thickness is equal to
14.4 K/cal/m?/hr/°C. Similar measurements on excised
fresh muscle, revealed a thermal conductivity of 39.6
Kcal/m?/hr/°C/cm thickness. The heat losses of the
surface tissue of the body measured in vive at three
conditions of body metabolism yielded the following
results: (1) when the body is cold, at rest, and not
shivering, the heat loss is 9 Kcal/m?/hr/°C; (2) when
the body is cold, at rest, but shivering, the heat loss
is increased to 13 Kcal/m?/hr/°C; (3) when the body
is warm and exercising, the heat loss from the skin
is 50 Kcal/m?/hr/°C. The thermal transfers of the skin
and subcutaneous tissues of an obese long distance
swimmer have been observed to vary from 2.2 Kcal/
m*/hr/°C for the resting condition in 10°C water,
up to 33 Keal/m?/hr/°C in 36°C water.” These extremes
in insulative values reflect the skinfold thickness and
the variation in depth of chilling and degree of vaso-
constriction due to the cold stimulus. The difference
between the measurements obtained on excised tissue
and those obtained in vivo primarily represents the
effects of blood flow. It may be assumed that the
thermal conductivity of the combined skin, subcu-
taneous and fat tissues cannot be less than that of the
fat layer, i.e., 14 Kcal/m?/hr/°C/cm. Observed values
of heat loss from the intact body less than this, i.c., 2.2
to 9 Kcal/m?/hr/°C imply a mean thickness of the in-
sulative layer greater than 1 cm. These data indicate
that: (1) the fat man will be better protected than
his thin counterpart; (2) the thermal conductivity and
thus the insulative value of the body surface layer
may vary 20 fold* for different persons; and, (3) the
highest insulative value will be provided by a cold,
vasoconstricted skin with a thick subcutaneous fat
layer. From these data it may further be inferred that
a fat and a thin man will require different amounts of
external insulation to protect them equally. Further-
more, it appears that the protective system should be
designed to keep the skin cold and vasoconstricted for
optimal efficiency of the insulative and heating systems
of the body.

Thermal balance in the unprotected man is con-
trolled not only by the rate of heat transfer through
the externally cooled tissue, but also by the ability
of the body to produce heat. Increase in the heat
production of a body immersed in cold water is based
upon both involuntary and voluntary thermogenesis
where involuntary thermogenesis is the heat produced
by involuntary shivering, increased muscle tonus, and
by non-shivering thermogenesis subsequent to cold ac-
climatization; active thermogenesis is voluntary muscu-
lar effort. The oxygen consumption rate of nude sub-
jects immersed in 10°C water varies from 2.2 times
his resting metabolic rate for the obese subject up to
a maximum of 9 times his resting rate for the tall
lean subject.¢

*The insulative value, Kj, is the reciprocal of the thermal con-
ductivity described in Kcal/m2/hr/°C.

t
The cnergy requirements of a 70 kilogram man for

various activities have been enumerated by Morehouse

and Miller.* Such a subject, swimming the crawl stroke
at 1 MPH, would expend 410 Kcal/hr; he would ex-

pend 420 Kcal/hr while swimming the breast stroke at |
the same rate. This heat production would certainly
be useful in maintaining body temperature if it could |
be maintained. However, this amount of physical
activity cannot be continued for an 8 to 10 hr. period
by any but the most practiced swimmer. Trained
frogmen, while swimming, are expected to maintain a |
work rate of only 200 Kcal/m?/hr which would be

about 380 Kcal/hr for the 70 Kgm. man. The trained
long distance underwater swimmer, studied by Hunt,

Recves, and Beckman® produced only 260 Kcal/hr

while swimming with swim fins at a speed of 1.1 MPH

during a 5-hour underwater swim.

The practical value of increased energy expenditure
with respect to the ability to endure prolonged immer-
sion has been investigated by Beckman and Reeves, '
who studied the physiological effects of immersion of
24 nude subjects in 24°C (75°F) water for up to 12
hours. Although only 2 of their experiments had to be
terminated because of a decrease in core temperature
to below 35°C (95°F), 16 subjects failed to complete
the 12-hour immersion owing to severe, persistent
muscle cramps and other effects attributable to physical
exhaustion. Thus the practical solution appears to be
in increasing the insulation. These investigators also
related the specific gravity of their subjects, and as
a corollary, total body fat (estimated with respect to a
14% standard reference body) to mean energy expendi-
ture during the period of immersion. As shown in -
Figure 1, the short fat subject with the lowest specific
gravity expended only 70 Kcal/m?/hr during a 12-hour
immersion. However, the tall thin subject with the
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Fig. 1. Relationship of rate of heat loss vs. body specific
gravity in 23 nude subjects immersed to neck level in 75°F,
water.
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highest specific gravity while producing 137 Kcal/m?/hr
during the two hours he remained in the water ex-
perienced a drop of decp body temperaturc to below
95°F. The uppermost data point on the line of best-fit
represents a subject who also had to be taken from
the pool within 4 hours owing to a decline of core
temperature below 95°F. Between the extremes of
the man with the thick, insulative, adipose layer and
the two thin men with high specific gravities are data
points representing the other subjects. A few of these
subjects with high specific gravities were athletic by
habit, and were able to maintain their body heat by
continuous exercise for a twelve-hour period, even
¢ though they had a relatively thin adipose layer.

Some subjects in this series developed circulating
blood glucose levels of 50-60 mgm percent and ex-
perienced a typical hypoglycemic episode. Some of
these subjects were given brandy or hot coffee con-
taining much sugar after they had declared that they
could no longer endure the experiment. In most cases,
these subjects then continued and were able to extend
their tolerance times by one or two hours. Although
no critical studies have been carried out, it is our im-
pression that most subjects who had been given nothing
by mouth during the immersion tests, extended their
tolerance times when given food or brandy. The judi-
cious use of food to increase metabolism by the
“specific dynamic action of food”'! and of brandy to
decrease muscular rigidity, cramps and discomfort war-
rant further experimentation.

It is apparent that the inherent insulation of the
body and the capacity of the body to produce heat
both vary widely between individuals. It would be
tatile to depend upon such uncertain devices for pro-
tection against thermal heat loss during immersion.
Even maximum values of both parameters are inade-
quate to protect the individual in 40-50°F (4-10°C)
water. It is therefore necessary to consider the use
of external insulative systems to limit the loss of any
heat which is produced by the body.

The value of an insulative system depends upon:
(1) the insulative value of the external insulation plus
the insulation of any still layer at the body surface;
(2) the geometry of the body to be insulated; (3) the
temperature difference between the body surface and
the surrounding water; and (4) the rate of flow of
the water.

In general, a vacuum layer, or a still air layer,
would provide the best thermal protection but these
layers are diflicult to provide in flexible garments.
Consequently, something less than idcal must be ac-
cepted. Theoretically, optimal clothing material, repre-
sented by uncompressed wool or by foamed ncoprene,
provides approximately 1.6 CLO®* of insulation/cm

®*CLO: The CLO is an arbitrary unit of insulation and is the
amount of insulation nccessary to maintain comfort at a mcan
skin temperature of 33.3°C in a room at 21°C with air move-
ment not over 10 ft/min., humidity not over 50 per cent, and
2 body metabolism of 50 Kcal/m*/hr = On the assumption that
76 per cent of the heat is lost through the clothing, a CLO may
be defined as the amount of insulation that will allow the passage
of 1 Kcal/m2/hr with a temperature gradient of 0.18°C between
the two surfaces.

thickness, or 4 CLO/inch. During World War 11, con-
siderable effort was expended in investigation of the
problems of clothing for Arctic based troops.** It was
found that clothing with a thermal insulation of 4 CLO
was necessary for protection but weighed 30 pounds.
This amount of insulation could not be provided to
the hands and feet and thus even this very thick, heavy
clothing did not provide adequate protection. The
difficulty in providing adequate thermal protection for
the hands and fect relates to the geometry of the part
to be insulated. The importance of this factor in in-
sulation is summarized by van Dilla, Day, and Siple.'
Insulative values of materials are normally described
in terms of flat surface insulation. Although the in-
sulative value of material on a flat surface is directly
related to its thickness, the relationship is not as simple
on shapes like cylinders and spheres. The relationship
of thickness of fabric in inches to the effective insula-
tion in CLO is seen in Figure 2. On the bottom line
of this graph it is seen that as the thickness of the in-
sulative fabric suwrrounding a # inch sphere is linearly
increased, the insulative value increascs only slightly
and no significant increase in insulative value is pro-
vided by increasing fabric thickness beyond 1 inch.
The insulative effect of increasing the thickness of the
insulative fabric around a cylinder of %-inch diameter
is only slightly better than for a sphere. This figure
illustrates why it is difficult, if not impossible to pro-
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Fig. 2. Insulation of ideal fabric on a plane, cylinders and
spheres.
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vide adequate insulation for thin cylinders such as
fingers and toes. It has long been known that it is
almost impossible to provide adequate insulation in the
form of gloves for the fingers and hands in extremely
cold Arctic weather. For this reason, mittens rather
than gloves have been provided so that the fingers
and hands may be made into a ball to improve their
surface to mass ratio. A theoretical solution proposed
by van Dilla, et al,’® to the problem of providing
adequate insulation for Arctic troops is shown in Figure
3. The problems which must be solved to provide
adequate thermal insulation for Arctic troops in -—50°C
weather with a 30 knot wind are equal in magnitude
to those of providing adequate thermal insulation for
personnel immersed in freezing water.

During World War II, many types of thermal insula-
tive garments were developed for protection against
heat loss during immersion. These garments all util-
ized the “dry suit” concept of wrapping the subject in
a waterproof bag. Although sound in principle, this
is almost impossible to achieve in practice. When
waterproof suits for immersion protection of Navy
fliers were developed after World War 11, they were
effective but were also hot, humid, bulky, and un-
popular. The insulative value of these garments in air
can be easily controlled by varying the thickness of
the insulation worn beneath the suit. However, when
the insulative layers of such suits are compressed by
the water pressure during immersion, the insulative
value of the garment is significantly reduced. The
MKS5A anti-exposure suit for Naval aviators, consisting
of a rubberized outer garment and insulative inner
layer, is a “dry-suit” of this type with an effective ‘in-
sulation, in air of 2 CL.O.** When the garment assembly
was tested in water the effective insulation was only
0.57 CLO (See Table II). A most serious disadvan-

Any expasyre; ot rest

Ehour expesure, of rast

Best possible mitien; good for 2-3hoursy at rast

Strenuaus exarcice; no mitten neaded

Fig. 3. Relative size of mittens needed for different exposure
times at —20°F,

From Van Dilla, M., R. Day and P. A. Siple, p. 384 ‘Special
Problem of the Hands,” “Physiology of Heat Regulation and the
Science of Clothing,” L. H. Newburgh, W. B. Saunders Co.,
Philadelphia, 1949.

TABLE II. TOTAL INSULATING VALUES OF CLOTHING
ASSEMBLIES MEASURES ON A COPPER MAN ¢4 IN AIR AND WATER

(CLO UNITS)

Still Water Flow Stirred
Suit Air Water 1gpm/250gal Water
Nude Copper .
Manikin 0.62 0.14 e 011
MKS5A Anti-
Exposure Suit 2.05 0.56 0.57 —_—
Underwater Swimmers
Wetsuit (V4"
Foamed Neoprene) 1.48 0.76 0.77 0.71
Underwater Swimmers
Wetsuit (3/16”

Foamed Neoprene) 1.32 —_ 0.78 —_—

tage of this type of garment is that if it is torn or
leaks because of fabric age or wear, the insulative
value then approaches that of still water. An even
more serious drawback to the “dry” type of anti-ex-
posure garment results from the normal physiological
processes of the body. Immersion in water up to the
neck level has been shown by Beckman and DeForest'*
to produce a profound and continuing diuresis of such
urgency as to rapidly convert the so-called drysuit to
a very wet one. )

During World War II, C. R. Spealman of the Naval
Medical Research Institute developed the concept of
using “spongy” neoprene for insulation in a waterproof
boot.* The insulative value of such boots were es-
tablished by laboratory experiment and recommended
for use in preventing the “immersion foot” of im-
mersed shipwrecked survivors. Subsequently, an equally
significant advance in thermal insulative garments for
immersed personnel was achieved when Dr. Hugh
Bradner'” in 1951 reported on his experiments with
unicellular foamed neoprene garments for thermal in-
sulation of immersed subjects and recommended the
use of a tailored suit of unicellular foamed neoprene
for underwater swimmers. Since then, such unicellar
foamed neoprene “wetsuits” have been adopted by
underwater swimmers and “scuba” divers throughout
the world. They have proved to be entirely effective
for use in water of moderate temperature but less effec-
tive in freezing water.

Experiments have been conducted at the Naval Medi-
cal Research Institute to evaluate the use of a 3/16
and 4 inch thick unicellular foamed neoprene suit for
thermal insulation and protection for downed aviators.*®
In general, it was found that subjects immersed to neck
nevel in 10°C water and wearing 3/16 inch neoprene
foamed trousers, jacket, boots, and gloves, were able
to tolerate the immersion for approximately 4 hours at
which time their great toe temperatures had decreased
to near water temperature. When the subjects were
exposed to 4.4°C water while wearing the same gar-
ments, they were, in general, only able to tolerate 2
hours of immersion. When the subjects were immersed
in freezing salt water at a temperature of —2°C, the
immersion periods were decreased to 1.3-1.5 hours.
Loss of heat from the toes and heels of the feet and
from the fingers of the hands, with subsequent pain
at temperature levels of 7-8°C limited the exposure

352 AcrospacARPEONEY EomRelgase 2002/11/08 : CIA-RDP75B00285R000100050001-5




CPYRGHT

times in most of these experiments. Inoonly a0 few

subjects did body  core temperature decrease to a
eritical level (35 C) before the extremities cooled o
the critical level of § (.

The theoretical, flat surface thermal insulation of
unicellular foamed neoprene is 1 CLO for a Y-inch
thickness of fabric. Experiments on the effective in-
sulation of such a suit was 0.77 CLO ' (See Table
[1). The effect of increasing the velocity of the water
past the manikin is also demonstrated by the data in
Table 1 where it is shown that the effective insulation
on the Ji-inch neoprene wetsuit was decreased from 0,77
CLO to 071 by slightly increasing the rate of flow of
the water. Theoretically, a one-ineh thick suit of foamed
neoprene with an equal thickness of boots and gloves
would be adequate to protect the innmersed survivor
or swinmer indefinitely in O C water. When subjects
were clothed in such a0 bulky suit. it was found that
they inercased their voluntary immersion time in b4 C
water to 5 hrs as compared to 2 hours when ¢lothed
i a 3/16-inch neoprene garment. While this garment.
which weighed 40 Ibs and severely restricted the mo-
tion of the subject, adequately protected the deep body
temperature of the subject, the hands and feet cooled
to pain temperatures and constituted the limiting para-
meters. These experimental resalts suggest that the
required insulation for the extremitios had not heen
achicved and that, within an 8§ hour period, heat loss
from the extremitics will be such as (o limit safe ex-
posure to water at temperatures below 12 C oat which
Llemperature lissue damage is produced.
it becomes necessary to consider sone method of re-
placing heat in order to provide thermal protection
to the subjects immersed in cold water. s obviously

Therelore,

not possible to rely solely on a thermal replacement
system. It is necessary both to insulate the body against
the external cold environment and to provide additional
eplacement heat over the eritical arcas where  the
peometry of the body tissues is contrary to the best
futerest ol heat conservation. Goldman ™ came to a
Nitilar conclusion as a result ol investigation on pro-
Lective: garnients for inactive Arctic troops.

Since the advent of the space era. there has been
i ever-inereasing need for more efficient power con-
ersion systems for space vehicles with the result that
here have been many significant developments in these
echnical tields over the past few vears. These develop-
nents have resalted in systems with more advantageous
ower/weight ratios, to a point where they may now
e considered for use us a primary power source for
ersonnel heating systems. Fnergy conversion systems
an be compared on the basis of several important
actors: theoretical energy /weight ratio; system energy
veight ratiop system power/weight ratio: shell Tifes
ost in terins of power delivery; availability: and, con-
frollability.  Collectively, these factors determine the
isctulness of the systen,

A satistactory energy conversion system is only one
part of the problem of replacement heating. Not ouly
wist cnergy be provided, but the enerey must be con-
erted into heat and this heat must he distributed
from the area where it is generated to the arca of

CHTIE T CONCIIR pproved For Reléist! 2002/ 1108: EIA'RIP73B00285RO0DT00050004 5\ 11N 11 A1

need. Thus, both o useful cnergy conversion svstem
and a compatible cnergy distribution system are re-
quired to provide supplementary heating. The resist-
ance-wire, clectrically heated garment represents the
most readily available system of heat gencration and
distribution.  In this system, the energy is converted
into heat throughout the distribution of the resistance
elements so that arca heating can readily he controlled.
The resistance-wire clectrically heated  suit has  had
several periods of popularity in the military services.
An clectric-wire heating garment was developed  for
use by helium-oxygen divers even before World War
L Similar ganments were adapted for use by flight
crews during World War 110 These systems et the
need for replacement heating, but the techniques of
manufacture lett much to be desired and short circuits
and “hot spots”™ were conmon experiences so that the
use of these garments was discontinued after the opera-
tional urgeney was ended.

More recently, scientists at the RAF, Institute of
Aviation Medicine, Farnborough, England, together
with an engineering firm.® have developed a technigue
for weaving a fabric in which the resistance-wires are
woven between the synthetie fiber threads to form a
stretchable garment. Figure 1 shows a glove woven

Fig, 4 A Lewded glove woven with the white insulated wires

showing in the fabric

with the white insulation of the wires showing in the
fabric. Gloves, socks, and a coverall type garment of
this material were developed for supplving heat to
aircrew of inadequately heated aireralt.

Electrically: heated Arctic thermal boots and gloves
have been developed by the U S. Army and provide
supplemental heating at a power rate of 10 Watts for
cach boot and glove, The 6-8 hour battery packs used
weigh 7 Ihs. and are designed to provide protection
at —10 C for the nactive Arctic soldier.®" When con-
structed with waterprooling techniques, such garinents
could be used to provide supplemental heal to under-
water swimmers or to airerew of ditched aireraft. On

Vacuum Reflex Limited, 2 € Hinbury Road, Totteuhan,
FLondon N 17, Foaland.
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the basis ol the previously deseribed experiments on
the nse of a L-ineh wnicellular foam neoprene suit, it
would scem that supplemental heat supplied only to
the feet and hands would significantly increase the
tolerance time to immersion. On the basis ol the ex-
periments deseribed above, it seems probable that the
most effective type of immersion suit could be achieved
by a one inch thick, foamed ncoprene suit with the
thick neoprene boots and gloves incorporating resist-
ance-wire woven socks and gloves and supplied with
a battery power source to provide local heat. Although
such a suit might protect the imnuersed vietim in
waters at the temperature of freezing sea water for a
period of 12 hours, it would weigh 52 1bs!

The advances in manufacturing techniques i re-
sistance-wire garments have been paralleled by recent
advances in high energy battery developments, Elee-
tro-chemical primary and sccondary cells have been
developed that will provide power supplics for supple-
mental heating devices. The inercase in the powery
weight ratio of both silver-zine and silver-cadmium bat-
teries makes both battery types usable. Silver zine bat-
teries provide from 40-80 watthours (whr) per pound,
whereas the silver cadmium batteries provide  30-60
watthours (whr) per pound. The cost of these batteries
is likewise high, ic., approximately $t/vhe Tor silver
zine and $1.3/whr for silver cadmium.

Sea water activated batteries of the silver ehloride/
magnesiwn type ofter the highest power factor for this
battery type. With such a systenm, it would be possible
to provide 40 watts of heat to hoots and gloves for 6
hours at a battery weight of 7 1bs. The clectrie resist-
ance-wire and battery system is an immediately avail-
able, workable systemn and offers the greatest advan-
tages, i.c., variable heat control, both as to amount and
area suppliced, a thermostatically controlled on/ofl ey ele,
and an evenly distributed supply of heat. One experi-
mental Army Arctic glove and boot system (Figure 5)
is thermostatically controlled and supplics 10-20 W to
cach glove and cach boot. This assembly has been

tested with a 4 ineh neoprene wetsuit and protected

g, 5 U8 Army clectrically heawted gloves and hoots with

battery pack.
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the hands and feet eflectively, more than doubling the
voluntary immersion time of subjects in 400 I7 water.
This thermal protective system when used  with 330
whr AgCl-Mg sca water batteries would weigh a total
of 22 1bs., and would proteet the body and extremities
for over 4 hours in 40°'I" water.

Reeent advances in thermionics, thermoelectric gen-
crators, catalytic fucl cells and exothermic chemical
reactions offer a wide range of selection for heat gen-
eration which potentially may be developed into use-
ful systems for replacement heating of immersed sur-
vivors, in addition to the resistance-wire heating system
used with high power/density bateries. Lsotopic power
generators provide the highest power to weight ratio
of any system. Alpha emitting isotopes requive the
least shielding, Polonitmn-210 has a high power density,
140 thermal watts/gm. I the fuels alone are con-
sidered, it would require only 10 gms. of Poloninm to
provide cnough heat to keep an immersed human warm
without any added external insulation! However, Pol-
onium has a half-life of 138 days which limits its shelf
life. Although the present cost is about $800.00/watl,
fiture development should decrcase the cost to about
$25.00/watt. Polonium also has decay emissions which
introduce serious shielding problems. A comparative
tabulation of the various isotopic power generators is

SAT |

o

TABLE 111, RADIOISOTOPES FOR THERMAL POWER SOURCES

Initiad Power

Llall-life Density Major

Radioisotope

Iuel (vears) (walts/wram) Cost §/W Radhiations
Strautivm - 90 28 0,493 149111 Beta, a0 few
wannnas
Cesiumy 137 10 o 2000 Beta, o few
QTN
Crrinm 14 078 250 L.t Betao a few
atnman
Promethion 7 0.456 91,00 Beta, a fow
LAatis
Polomum 210 058 1.0 201,00 Alpha
Murtoniwm 238 84 (.55 [.000.00 Alpha
Curium - 242 (-5 1 17.00 Alpha |
Neatrous
Curiene 244 18 24 457,00 Alpha  }

Neutrons

shown in Table 1L When the cost and the weight
ol the shielding are considered, these isotopic power
units seem to have Tess value Tor present survival
systems.

[eating  systems employing the flameless surface
combustion of hydrocarbons in the presence of specific
catalysts are also efficient heat sources (13 whr/gm),
fland warmers for hunters are of this type and are
marketed.” The temperature of the combustion varies
from 316 C apward so that this system could not be
used for direct heating, but would have to use an
intermediary heat transfer system.

A new type of catalytic heating device which utilizes
the combustion of hydrogen in the presence of a pro-
prictary catalyst®® at w temperature of 38-C offers

“Therm-N and Whamo.,
e lthyl Corporation Research Laboratory, Detroit, Michigan,
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TABLE IV. COMPARISON OF VARIOUS IIEAT GENERATING SYSTEMS

IMMERSION—BECKMAN, ET AL
R000100050001-5

promise. The theorctical efficiency of such a thermal
generator would be high with an energy density of
8 whr/gm. In this system, hydrogen would be gen-
erated by reacting sodium aluminum hydride with
water according to the cquation:
Na AlH, + 2H,0 — Na AlO. -+ 4IL
2, + O, — 2H.O [II]

Since both air and water arc available in excess in a
surface survival situation, this chemical rcaction has
certain advantages. Ilowever, the mixture of oxygen
and hydrogen must be carefully controlled to limit the
-0,/H, ratio to more than 21/1 by volume to prevent
the mixture being explosive. The practical encrgy of
this system should be in the order of 10 pounds of
equipment to provide 350 thermal watts for four hours.
This system is currently under development for the
U. S. Navy.* ’

Thermochemical systems sach as the combination of
magnesium and water in the presence of iron also give
a relatively high theorctical encrgy, on the order of
1.5 KWH per pound (4.0 whr/gm). Such a unit would
have an indefinite shelf life and would cost relatively
little, perhaps 10c¢ per watt. The basic ingredients are
readily available and a simple and suitable heat gen-
erator could easily be provided. Unfortunatcly, this
is the type of reaction that is very difficult to control
once it has been initiated although the gas that is
generated could possibly be utilized to quench the
reaction. Similar exothermic chemical reactions could
be employed, such as the heat generation provided by
the hydrolysis of sodium. Ilowever, these types of

*Aerospace Crew Liquipment Laboratory, Naval Air Engincer-
ing Center, Philadelphia, Pennsylvania.

Approved For Release 2002/11/08 :

Estimated Duration Estimate Cost ol
Power or Wt of 100 of Power Unit in
Thermal Energy W/Hr Power Power Stage of $ (Exhaling De-
System Reactants Product Density Unit in Kg Ciycle Development velopment Costs)
Primary AgCl + Sca- Electricity 1.2 whr/gm* 3.0 5 hrs. Evaluation $  300.00+
Battery watcer 3.0 5 hrs. Lvaluation 250.00+
Sccondary Silver-Zinc Tlectricity 1-.2 whr/gm 4.0 5 hrs. Evaluation 400.00-
Battery Silver-Cadmium Blectricity .08-.16 whr/gm* 3.0 89 yrs. Devclopment 250,000.00+
Radio Isotope Plutonium-238 Teat A5 W/gm#** 10.0 0.4 yrs. Research 20,000.00+
Radio Isotope Polonium 210 MHeat 141.0 W/gm*¥
\E ‘
~ Thermo- Mg 11:.0— Ileat 3.8 whr/gm¥* 2.0 5 hrs. Development 5.00+ +
Chemical MgO - I - [I1]
Fuel Cell NaALIL: - 2IT:O Ilecat 4.7 whr/gm* 3.0 5 hirs. Development 15.00++
—NaALO: -+
411,
2H: -+ O—>
.0 -I- [H]
Wet Suit Unicellular Insulation 05 W/gm* 4.0 IN USE 25.00
Foamed
Neoprene
Food CHO + O:— ITeat 4.6 whr/gm 0.5 5-10 hrs. IN USE 0.50
CcO: + .0 (I
*Measured
**Theoretical
+Requires use of Resistance Ileating Suit Wt = 2Kg
-+ -+ Requires use of water conditioned suit Wt = 3Kg

reactions could not be used to heat the body directly.
A summary of the various power conversion systems
is set out in Table IV, where it is shown that there are
several conversion systems available which would pro-
vide sufficient heat to significantly prolong survival and
operating times during immersion in cold water if the
heat could be properly distributed. Recent develop-
ments of a liquid distribution system along the lines
recommended by Siple?? show considerable promise.
The principle of the “water conditioned” suit for heat-
ing and cooling the body is essentially simple, and
utilizes the high specific heat of water (or other high
specific heat liquid) to distribute heat to or transfer
heat from the various arcas of the body as required.
Pioncer work on this type of suit has been carried out
at the Royal Aircraft Establishment, Farnborough,
England,® and is being pursued at the Manned Space-
craft Center, NASA, Houston.*"*"

In the model under development for NASA by Dr.
J. Billingham (Figures 6 and 7), thin (2mm) plastic
water pipes arc incorporated into Brynje type (fishnet)
undergarments so as to have heat exchange tubes
covering the skin about 2 cm apart. By taking ad-
vantage of the normal skin temperature gradient from
the central body toward the cxtremities, cooling water
is pumped over the extremitics toward the central body
to provide a progressive heat transfer gradient. Heat-
ing is accomplished by pumping the heated water first
over the trunk and then to the extremities. Dr. Billing-
ham tested one of these suits under a 3/16-inch uni-
cellular foamed diver’s wetsuit. Ile was immersed in
4°C water for 70 minutes and maintained his body
temperature by using an inlet water temperature of
45°C and a mecan fow of 3.8 liters of water per hour.
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desirable as proteetive garments because of the foliow)
ing advantages: (1) they provide cffective, reliabld
and adequate insulation for se in a cold, wet environ
ment; (2) they provide positive buoyaney at all times
(3) they provide mechanical protection against external
moving objects; and, (4) they are relatively inexpen
sive. An electric resistance-wire supplementary  heat
ing system consisting of boots and gloves, powered hy
a silver chloride-magnesium . sca water battery woul
provide adequate protection for an operation immer
sion ol uscful duration when used with a 3/16-in¢l
unicellular neoprene wetsuit,

IPor future development, the water conditioned suit
might be exploited for use beneath the unicellulan
fowmed outer garment. The development of low teu-
perature oxidation and  thermochemical cells should
provide w significant improvement over the eflicicuey
and power density of the battery systems. The de-
velopment of such a heating system should be of usc
not only by aircrew, but also by divers, underwater
swinmers, reconnaissance Leams, and the Army Corps
of Engincers.
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Field Evaluation of Full Pressure Suits in
Arctic Environments

CapraiN James H. Vecure, USAF

ABSTRACT

Thermal responses of six subjects wearing full pressure
suits were monitored for several days under Arctic field
conditions. In laboratory experiments, heat loss from
clothed subjects was measured with an infrared radiometer,
and moisture accumulation within the clothing determined
during exercise. In temperatures of — 16° F., five of the
six subjects with no survival equipment reached tolerance
limits (skin temperature of 35° F.) before 15 hours had
elapsed. Termination of the experiment was always because
of foot temperatures. Heat loss for these subjects varied
from 0.6 to 20.6 Kcal/m2 hr. With swrvival equipment,
subjects tolerated ambient temperatures that varied from
—24° to 25° F. for 72 hours. Radiometric thermograms
of the pressure garments indicated gloves, zippers, and
face were high heat loss areas. Over 600 g of sweat were
retained in closed pressure suits during mild exercise at
— 10° F. When the suit was partially opened, there was
a significant reduction of this retained moisture. These
data show the critical need for extremity protection, shelter,
and ventilation of the pressure garments in dry cold en-
vironments.

METHODS

The experimental program was divided into threc
test serics. In the first two scries, six test subjects were
to live in the ficld for a maximum of three days. In the
first tost series, the subjects did not have any survival
equipment or food, while in the second scries, subjects
did have survival equipment identical to that carried
by fighter aircraft flying in the Arctic. This equipment
included down survival clothing and food. In each
test scries, the temperature varied from —24° to 20°.
F. In addition, different survival techniques and sur-
vival shelters were evaluated. Four of the six test
subjccts were comparatively incxperienced in survival
techniques but had been exposed periodically to low
temperaturcs. The other two subjects were Arctic sur-
vival instructors. )

The basic clothing assemblies were identical in both
tests: thermistor underwear (to monitor 17 skin tem-
peratures and rectal temperature), wafleweave under-
wear, A/P 22 S-2 or A/P 22 S-3 pressurc garments, 2
pairs of wool socks and quick-don alert boots. Tem-
perature measurcments of cach subject were taken

FIELD EVALUATION of Air Force full pressure

suits was conducted by personncl of the Arctic
Acromedical Laboratory during the past two winters
necar Fairbanks, Alaska. This evaluation was rcquested
by an operational command to resolve conflicting rc-
sults of previous field studies. The experimental pro-
gram was designed to dcterminc tolerance limits of
aircrew members wearing this clothing in a dry cold
environment with and without ancillary survival equip-
ment. Experiments that required claborate instrumen-
tation or control of environmental temperaturc were
conducted concurrently in the laboratory.

From the Acrospace Medical Rescarch Laboratories, Acro-
space Medical Division, AFSC, Wright-Pattcrson AFB, Ohio.

Presented at the Aerospace Medical Association Mecting in
Miami, Florida, May 12, 1964,
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every 4 hours during the day and cvery hour during
the night unless there was a possibility of impending
tolerance. Tolerance for thesc cxperiments were de-
fincd as any skin temperaturc of 35° F or a rectal
temperature of 95° F. If tolerance conditions were
approached, the subject’s temperatures werc moni-
tored cvery 15 minutes.

The third test series was conducted at the laboratory
to determine: the moisture retained within the various
articles of clothing during moderate cxercise and areas
of high heat loss from the pressurc suit determined
with an infrared radiometer.

RESULTS AND DISCUSSION

Test Series 1 (Without survival equipment):—Tom-
peratures during the first test varied from a low of
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—16° T the first night to a high of 10° F the sccond
day. Five of the six subjects rcached tolerance limits
during the first night. Their exposurc times were 7,
10, 14, 14, and 14.5 hours. In each casc termination of
the experiment was duc to cxtremity temperaturcs
(Tig. 1). Four of the five subjects replaced their com-
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Fig. 1. Skin and core temperature responsc to cxperimental
conditions ( Test series No, 1),

bat boots with the arctic mukluk assembly when the
temperature of their toes reached 35° F. Despite the
additional insulation provided by the mukluks (1.75
clo), their cold fect did not rewarm sufficiently and
they were withdrawn from the ficld. Apparently, once
the vasculature of the extremities has constricted, in-
creased insulation by itself is not sufficient to reestab-
lish normal blood flow. The average skin and rectal
temperatures are within the comfort range. The calcu-
lated heat losses for the five subjects, who reached
tolerance, were 20.6, 10.8, 9.4, 7.3, 0.6 Kcal/m?2 hr.
These values indicate the subjects werc in a state of
moderate cold strain. The ecxtremitics were the only
problem. Subjcctive comments were particularly criti-
cal of pressure gloves, since hands became cxtremely
cold during rest and the discomfort caused by the
helmet. With the helmet on, the head was warm, but
at these temperatures the subjects preferred a toque or
pile cap. When the helmet was removed, excessive heat
loss occurs through the open ncck of the suit. This heat
loss may be reduced by stuffing parachute material
around the neck. In onec instance, accumulated mois-
ture in the helmet’s ncck ring froze, and the subject
had difficulty in removing the helmet. All subjects
complained about the cold along the zipper across the
back of the suit.

One subjoct, an arctic survival instructor, was able
to tolerate the temperaturc stress for 48 hours, when
the experiment was terminated by the monitors. Tlc

-

kept his feet warm by maintaining a continuous fire.

Test Series 2 (With ancillary survival equipment):—
The temperature varied from 8° to 25° F during this
test. None of the subjects reached tolerance because of
the moderate temperatures, and again the experiment
was terminatcd by the monitors after 48 hours. The
temperature of the tocs was variable because of the
warm weather and additional insulation on the fect
(down mukluks). The average skin and rectal temper-
atures show typical diurnal cycles and all values are
within the comfort range (Fig. 2). Changes in stored
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Fig. 2. Skin and corce temperaturc responsc to experimontal
conditions (Test series No. 2).

body heat for thesc subjects were: —22, — 1.8, — 1.7,
—0.9, —0.3 and + 2.2 Kcal/m 2 hr.

Several subjects completely removed the pressure
suit and were comfortable in only the down survival
clothing. The down clothing proved difficult to dry,
however, once it became wet. Also, sparks from fires
mclted holes in the outer covering of the down cloth-
ing, and snags ripped several parkas so badly that they
were in tatters. Extreme caution and care is required
to keep the down clothing functional in prolonged
survival situations. Once removed, a cold soaked pres-
surc suit (exposed to a temperature of — 20° F for one
hour) can be donned in 15 minutes by an experienced
subject, One subject experienced mild snow blindness,
and based on past cxpericnces, snow goggles must be
worn continuously during the spring in the Arctic.

Snow houses have proven to be far superior to any
other shelter in the Arctic.3 When temperatures var-
icd from —15° to —24° F, subjects wearing down-
filled clothing survived for 72 hours in snow houscs,
while the subjects wearing just the full pressure suits
aborted the cxperiment because of cold extremitics.?

Test Series 3. A. Moisture retention in the pressure
suit and down clothing:—In laboratory cxperiments,
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Fig, 6. Fhermograms of the subject wearing the down survival clothing.
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i subjects walked for 1 hour on a trcadmill set up at

miles per hour with a 0° slope. The various clothing
components were weighed before and after the experi-
ment to determine the amount of moisture accumula-
tion in the clothing. With the pressure garment fully
closed, there is a high sweat rate during mild exercise
(Fig. 3). Most of this moisture is retained in the

600 EXPERIMENTAL _CONDITIONS I
TEMF: —10°F
REL. HUM 42%
5501 - DURATION &0 MIN.
SUBJECTS EXERCISING ON A
TREADMILL 2MPH. O° SLOPE
KEY
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= 450~ O SUIT FULLY UNZIPPED
o -3 FPS ASSEMBLY
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g Is0f-
[[ele]
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Underwaar

ITEMS OF CLOTHING

Fig. 3. Amount of moisture retained in various clothing
items of the full pressure assemblics.

pressure suit itself, With the exception of the helmet,
the other clothing components picked up- little mois-
ture. With the suit 50 per cent unzipped, there was
considerable reduction in moisture within the pressure
shell.

In other cxperiments, the same cxercise regime as
above was followed, but the down clothing was worn
either by itself or over the pressurc suit. With the
down clothing worn over the pressurc garment, there
is an increase in moisture in the underlying clothing
apparently becausc of the increased impermeability of
the total clothing assembly (Fig. 4). The pressurc suit
was completely unzipped which accounts for the low
moisture retention in the pressure suit.. Low moisture
rctention in the down clothing, when worn without the
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L1
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ITEMS OF CLOTHING

Fig. 4. Comparison of moisture retained in down clothing
worn over the FPS and without the I'PS.

pressurc suit underneath, is encouraging but the down
clothing must be dried out daily to prevent accumula-
tion of moisture which over a period of several days
reduces the cffective insulation of the clothing, In the
second test scrics, there was an accumulation of 170
g in the down clothing by the end of the experiment
(48 hours). The mukluks were particularly wet. Pre-
liminary studies show only 400 g of water uniformly
distributed throughout the down clothing is necessary
to affect insulative values to such an extent as to pro-
duce noticeable changes in skin and rectal tempera-
tures,

B. Areas of Ileat Loss from the Pressure Suit:—
Twenty-threc cxperiments were conducted to deter-
mine the surfacc temperatures of the pressure suits
with the infrared radiometer. Temperatures varied
from —10° to 10° F during these experiments. The
radiometer’s pictures (thermograms) were taken after
the subjects cquilibrated for 30 to 40 minutes to the
outside temperatures (Fig. 5). In the thermograms,
the warmer arcas are lighter, and the colder arcas arc
darker. This figure shows the clothing worn at the top
and the thermograms taken with the radiometer at the
bottom. The arcas of high hcat loss are the pressure
gloves, the zipper in the groin, the chest and back
zipper, the face, and the back of the thighs.

When only the down clothing is worn, considerable
heat is lost from the face and hands (Fig. 6). There
is a poor neck and front closure in these garments. The
snaps should be replaced with velco or another con-
tinuous fastener. The heat loss through the seams of
this clothing is because of poor clothing construction
that should be corrected.

SUMMARY

Extremity temperatures are critical during moderate
cold stress and must be adequately protected. There
is no appreciable difference in tolerance limits of sub-
jects wearing the two types of pressure garments. With
no survival equipment at — 16° F, five of six subjects
reached tolerance by 15 hours. With survival equip-
ment, tolerance was increased to 72 hours. Without
swrvival equipment, mukluks can be improvised from
parachute cloth, and foot insulation can be increased
by wearing cxtra socks over the boots. The pressure
suit should be partially opened while making a shelter
or during other activity. Shelter and fire are essential.
If down clothing is available, the pressure suit should
be removed and the down clothing put on. A snow
shelter must be constructed at once—even at night.
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The Hematologic Effects of Microwave Exposure

S. M. MicuarrLsoN, D.V.M., R. A. E. Tanompson, M.T., M.Y. EL Tamami, M.D,,

H. S. Sern, M.D., and J. W. Howranp, Pr.D., M.D.

ABSTRACT

Reports in the past have indicated non specific hemato-
logic changes among persons occupationally exposed to
radar. Most of the hematologic studies on animals exposed
to microwaves have been limited to observations in
rodents. Systematic study of the effects of microwaves in
the dog is relatively rare although this animal has a
hematologic system much more comparable to man than
do rodents. Whole body exposure of normal dogs to
microwaves results in leukocyte changes which can be
related to frequency, field intensity, and duration of ex-
posure. A marked decrease in lymphocytes and eosinophils
occurs after six hours of 100 mw,/cm.2, 2800 Mcycles/sec.
(pulsed) microwave exposure with a mean rectal tem-
perature increase of 1.8 F. Neutrophils are slightly in-
creased at 24 hours while ecosinophils and lymphocytes
have returned to normal levels at this time. After two
hours of exposure to 165 mw/cm.2 with a resultant 3 F
rise in rectal temperature there is a slight decrease of all
white cells and a definite hemoconcentration. Eosinopenia
is still evident twenty-four hours after exposure. Hemato-
logic changes are more marked after three hours exposure
to 165 mw/cm.2 Cr5l, and Fe® studies indicate alteration
of red blood cell life span and bone marrow function at
these exposure levels. General leukocytic changes are
more apparent after 1280 Mecycles/sec. pulsed and 200
Mcycles/sec. continuous microwave exposure. Simultaneous
x-irradiation and microwave exposure results in accelerated
recovery of the ionizing radiation induced neutropenia and
prolongation of the lymphocytopenia. The results of these
studies are indicative of hypothalmic and/or adrenal stimu-
lation (stress effect) of microwave exposure and the bio-
logic interaction of microwave and ionizing radiation ener-
gies. Alterations in ferrokinetics which are related to dura-
tion of exposure indicate effect of microwaves on the bone

marrow.

INCREASED INTEREST in the biologic effects of

exposure to microwaves has developed during the
past twenty years. Concern as to possible hazards to
man has prompted studies and analysis of data from
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both animals and humans exposed to this form of
energy.

Although reference has been made in the literature
to hematologic changes in man and experimental ani-
mals exposed to microwaves. a <ctailed analysis has
not been made. Most of the reports of hematologic
changes in amimals exposed to microwaves are con-
cerned with observations on rodents. The dog, because
of his size and known responses to experimental
manipulation is well suited for investigation of the
hematologic effects of microwave exposure.

The following observations are presented to provide
information on the hematologic changes in the dog
induced by microwave exposure.

MATERIALS AND METHODS

Adult mongrel dogs of either sex 1-5 years of age
were exposed to microwaves at power levels of 50
mw/cm.2, 100 mw/cm.2 and 165 mw/cm.2. The micro-
wave sources used were a 2800 Mcycles/sec.( AN/FPS-
6), a 1280 Mcycles/sec.(AN/FPS-8) pulsed radar units
or a 200 Mcycles/sec. continuous wave transmitter.

Unanaesthetized dogs were exposed in a Plexiglas
cage which permitted freedom of movement. The cage
was situated in an ancchoic chamber 7X7x15 ft
lined with commercial microwave absorbing material.
The dog’s body temperature was monitored with an
electronic thermometer with the use of a thermister
probe shielded with Plexiglas and fixed in the rectum.
Blood for hematologic examination was obtained by a
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